HEr T T D S ST OEr G T oar Sar Ty s aEew

6/~ * - , NASA CR-66364 -

COMPUTER PROGRAMS FOR THE PLASTIC ANALYSIS
OF STRUCTURES USING DISCRETE ELEMENT METHODS

by

H. Armen, Jr. and A. Pifko

Distribution of this report is provided in the interest of informa-
tion exchange. Responsibility for the contents resides in the
author or organization that prepared it.

HRU)
Nﬁ—?*ﬁ;ﬁ%eﬁ g
|

Wg?\‘-

(CATEGORY)

FACILITY FO

Prepared Under Contract NAS 1-5040 by
GRUMMAN AIRCRAFT ENGINEERING CORPORATION
Bethpage, New York

GPO PRICE $

CFSTI PRICE(S) $

Hard copy (HC) Z i
Microfiche (MF) A

ff 663 July 65



T N D U Y O arrrUrUUE I Y O N OB B W G Ty Oy uee

FOREWORD

This report was prepared by the Grumman Aircraft Engineering
Corporation, Bethpage, New York, under Contract NAS 1-5040 entitled,
"A Research Study for the Development of a Digital Method of Analy-
sis of Supersonic Transport Aircraft Structures in the Plastic
Range." The work was performed by the Research Department of
Grumman Aircraft Engineering Corporation, with support from the

Structural Mechanics Section of the Engineering Department.

The authors gratefully acknowledge the valuable contributions
made by Mr. Paul Hornack and Miss Eloise Turner in the preparation
of the computer programs. They would also like to thank Mr. Francis
J. Nolan for much helpful advice on computing problems, for the
preparation of a special eigenvalue subroutine, and the sections
entitled, Solution of the Eigenvalue Problem Det ([A] - A[B]) = 0,

and Discussion of Determinant Calculation.
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COMPUTER PROGRAMS FOR THE PLASTIC ANALYSIS OF
STRUCTURES USING DISCRETE ELEMENT METHODS

by
H. Armen, Jr. and A. Pifko

ABSTRACT

This report is a users document for two computer programs
which were developed in a study reported in NASA CR-803 to extend
finite element methods to calculate failure loads of aeronautical
structures. The two programs deal with inelastic stress analysis
of finite element structures in the presence of load cycling and
the calculation of bifurcation type plastic buckling loads of
rectangular plates. The stress analysis program takes into
account the Bauschinger effect for biaxial stress states using
a plasticity theory based on Ziegler's modification to Prager's
kinematic hardening theory. The buckling program extends finite
element methods to plastic buckling using Stowell's formulation
for implementing a deformation plasticity theory into the buck-
ling theory. The theoretical studies carried out in the develop~-
ment of these two programs as well as some research results ob-

tained with the programs are given in NASA CR-~803.
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INTRODUCTION

This report discusses aqd documénts the computer programs
written to implement the discrete element methods developed for the
plastic analysis of cbmplex structures in CR-803. The methods in
CR-803 fall into two categories: those applicable to stable struc-
tures and useful in the prediction of failure associated with ex-
cessive plastic straining, and those applicable to the determination

of buckling loads.

In the methods of the former category, particular attention is
given to the case of intermittently applied loads causing successive
excursions into the plastic range, including reversals of stress
into the plastic range. In order to accommodate this case and to
take the Bauschinger effect into account, the plasticity theory
selected for use is the kinematic hardening theory of Prager, as

modified by Ziegler.

The methods in this category are based on the application of
two matrix relations coming out of a linear elastic analysis of
the structure and involving the concept of initial strain. The
effect of plasticity is introduced by interpreting plastic strains

as initial strains.

The problem of plastic buckling is treated as a bifurcation
phénomenon, with attention concentrated on flat rectangular plates.
A previously developed discrete-element method for elastic buck-
ling analysis is extended to take into account the effect of plas-
tic deformation. It is based on the matrix displacement method of
structural analysis used in conjunction with a deformation theory

of plasticity.



The present report is separated into two parts. The first
part is a discussion of the programs associated with the methods
developed in CR-803 for the analysis of complex, stable structures
subjected to loads causing biaxial membrane stress and stress re-
versal into the plastic range. The second part of the report
discusses the programs written to implement the methods developed

for the plastic buckling analysis of initially flat rectangular

panels.

All the programs were written in FORTRAN IV to run on the
IBM 7094-I1, These are two-channel (A and B) machines with 8 tape
drives on each channel; 32,768 words of core storage; on-line card
reader; on-line printer and printer clock. The programs are set to
run under FORTRAN SIBSYS control which uses an SJ@PB card for identi-
fication. Input is on logical tape 5 (A-2), print-out on logical
tape 6 (B-1), and punched output on logical tape 7 (B-2), which is

not used by these programs.

CYCLIC PLASTIC ANALYSIS COMPUTER PROGRAMS

Program Description

Incremental methods for the analysis of structures subjected
to intermittent loads causing biaxial membrane stress and stress
reversal into the plastic range are presented in Section 3 of
CR-803. The methods employ the linear matrix equation associated
with discrete-element analysis of elastic structures in conjunction
with incremental constitutive relations from the plasticity theory.
The governing incremental linear matrix equation, which includes
the effects of initial strain, can be written for the increments
of stress or increments of total strain in the elements. The use
of the former type of equation leads to the so-called Stress Method,
and the latter type of equation leads to the Strain Method. A
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solution to the linear matrix equation, expressed in terms of either
increments of stress or increments of total strain, may be obtained
by utilizing one of two alternative procedures. The first procedure
uses estimated values of plastic strain increment based on values
computed in the preceding step; such a procedure may be termed a
predictor procedure. A second Procedure, termed the stepwise lin-
earization procedure, incorporates the linear incremental plastic
strain-stress relation directly into the linear matrix equation,

thus avoiding the use of estimated values of plastic strain incre-
ment.

Computer programs using these two solution procedures have

been developed and are identified by the following symbolic names:
STRESS - Stress method, stepwise linearization procedure
STREPP - Stress method, predictor procedure
STRAIN - Strain method, stepwise linearization procedure
STRAPP - Strain method, predictor proéedure.

In all of the programs listed above:

Loading conditions are restricted to those which cause states
of plane stress.

Cycling can only be specified by a load range, the amplitude
of which can vary.

Any number of load cycles can be considered. A capability is
provided to allow computations to be stopped at some inter-

- mediate (predetermined) point in a loading sequence and be
subsequently continued.

Materials exhibiting elastic-plastic behavior involving ideal
plasticity, linear or nonlinear strain hardening, or limited
strain hardening can be treated.



Input and output formats are identical for all the programs.
Input formats have been prepared so as to minimize the manipulation

of data necessary to treat various structures.

The program will accept a binary input data tape on logical
tape 11 (B-6), and will write a binary save tape to be used for a
continuation run on logical tape 10 (B-5).

Instructions for Preparing Data Tape

The programs require two influence coefficient matrices, asso-
ciated with the governing linear matrix equation, to be read from
a binary input data tape. In the Stress Method, the first of these
input matrices relates the element stresses in the redundant struc-
ture to initial strains; the second input matrix relates the ele-
ment stresses to the applied loading. In the Strain Method, these
matrices relate element strains to initial stresses and element

strains to the applied loading, respectively.

Due to core storage limitations, it is necessary to delete
rows and columns of the input matrices associated with regions of
the given structure which are known, on the basis of an elastic
analysis, to be subjected to low stress intensities and can be
expected to remain elastic for loadings of practical interest.
Because of the nature-of the analytical methods used, explicit
consideration need not be given to the stresses and strains in the
elements of these regions. Their influence on the remainder of
the structure is implicit in the influence coefficient data which
are retained for use. Care must, of course, be taken, in the selec-
tion of these regions, that elements which are presumed to remain
elastic do not, in fact, become plastic in the range of loadings

applied.
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The initial strain (or initial stress) influence coefficient
matrix is a square array of order equal to three times the number
of elements used to represent that pdrtion of the idealized struc-
ture treated explicitly in the analysis. Because of computer core
storage limitations, the entire square array is not initially read
into the program. Instead, columns of this array, necessary to
perform the required computations, are read individually from the
binary data tape and stored in core. The choice and number of
columns to be read and stored at any level of load depends upon
the number of elements in the plastic range at that load. The
number of columns needed is equal to three times the number of
plastic elements. The resulting array is referred to as SIJ in

the programs.

The influence coefficients relating stress (or strain) to the
applied loading must be written as a column vector. The number of
rows in this vector is equal to three times the number of elements
used to represent that portion of the idealized structure considered
explicitly in the analysis. If the structure is subjected to a
system of multiple loads, the vector of influence coefficients asso-

ciated with each load must be added to form one column vector.

Consequently, only proportional loading can be treated in this

case. The entire column vector is read into the program, and is

referred to as SIM.

The input tape which contains these influence coefficient
matrices must be generat~d in FORTRAN IV and all data must be con-
tained in one file. The record size is equal to three times the
number of elements considered in the idealized structure. The
initial strain (or initial stress) array is written column-sort on
the tape first, each column constituting a FORTRAN record. A
dummy record in which the first word is 111111111111 is used to



separate the two input matrices. The SIM column vector follows
the dummy record and an END OF FILE is used to signify the end of
input data on the tape.

Preparation of Data Cards

The data cards are read in the following sequence and appear
immediately after a SDATA card.

The first data card is used as an indicator to determine

whether or not the run is a continuation of a previous run;

the card contains two parameters IRSTRT and RMXLD. When

the loading sequence is not a continuation of a previous
one, a blank card is used for the first data card.

General input parameters which remain fixed during a load-
ing sequence are contained in the second data card, and are:
N@DE, NC¢MP, MCPL, and INT.

The third data card contains material parameters which re-
main constant during the loading sequence. These constants
are represented by the following: SIGO, E, GNU, and ZFL.

Data which must be read for each individual loading (or
reloading) situation consist of the following: PMA, DELP, D,
T, RMXLD, KLU, and NRSTRT. Additional data cards of this
type must be added for each subsequent loading in a desired
sequence.
The last card following the individual loading data cards
must be blank. This card stops the program by reading a zero for
PMA. In the event the job is to be continued at another time, the
program will write a binary saved data tape in a prescribed format.
The decision to write this tape must be made in advance and brought
to the attention of the operator on a Special Instruction Card (see

section concerning the Special Instructions). Built-in pauses in

the program are as follows:
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Pause 1: Mount input data tape on logical tape 9 drive A-35,

and saved binary data (if a continuation run) on logical
tape 11 drive B-6.

Pause 2: Demount input data tape and save tape (for restart)

from drives A-5 and B-5, respectively, after the program has
been completed.

Symbols and format of the data cards. -

Restart indicator card - Format 1
Columns Field Symbol Comments

1-5 I5 IRSTRT For IRSTRT > 0, the program to
be run is a continuation of a
previous run. Saved binary data
are to be read from tape B-6,
FORTRAN logical unit 11. For
IRSTRT = 0, the program is a new
run and no saved input tape are
to be read.

6-20 E15.7 RMXLD New maximum (or minimum) load
level; to be defined when the
run is a continuation run, and
the new maximum load level is
greater than the maximum load
level of the previous run. For
unloading and reloading, the
RMXLD field should be left
blank. The new maximum (or mini-
mum) load level will be defined
on the Format 4 data card.

21-80 Ignored.



General input parameters - Format 2
Columns Field Symbol : Comments

1-10 110 N@DE Number of elements of the ideal-
ized structure to be considered
in the program. Because of core
storage limitations, N@DE will
not necessarily equal the total
number of elements used in the
idealization of the actual struc-
ture.

11-20 110 NC@MP Total number of stress (or strain)
components (three times NODE).

21-30 110 MC@L Maximum number of columns of the
S1J array that can be read into
core storage.

31-40 I10 INT An index which multiplies the
load increment to determine the
interval of print out. Prints
are generated when the load
level, beyond the elastic range,
has been incremented by an inte-
gral multiple of the interval of
print out.

41-80 ' Ignored.

Material constants - Format 3

Columns Field Symbol Comments
1-15 E15.7 SIGO Yield stress in tension.
16-30 E15.7 E Young's modulus.
31-45 E15.7 GNU Poisson's ratio.
46-60 El5.7 ZFL Used to detect the onset of per-

fect plasticity in cases of
limited strain hardening (a%).
ZFL = 0 for elastic, perfectly
plastic behavior;

ZFL < 0 for elastic, unlimited
strain hardening behavior.

61-80 Ignored.




Individual loading data - Format 4
Columns Field Symbol Comments

1-15 E15.7 PMA Dummy applied load used to com-
pute the load level necessary
to cause yielding from an elas-
tic state. PMA takes on the
same sign as RMXLD.

16-30 E15.7 DELP Load increment. DELP has the
same sign as RMXLD.

31-45 E15.7 D A parameter used in the Ramberg-
Osgood Stress-Strain Relation
(og.7) -

46-60 E15.7 T The shape parameter used in the

Ramberg-0Osgood Stress-Strain
Relation (n).

61-75 E15.7 RMXLD Maximum load level (+), or mini-
mum load level (-).

76-77 12 KLU Index for the type of material
behavior being considered.
KLU = 0 — Elastic, limited or
unlimited strain hardening;
KLU # 0 — Elastic, perfectly
plastic.

78-80 13 NRSTRT Index used to determine whether

the program is to write a save

tape after the load level has

reached the value of RMXLD

given on this card.

NRSTRT = 0 — No save tape is to be
written;

NRSTRT # 0 — Binary save tape is to
be written.

Any number of Format 4 data cards will be accepted by the pro-
gram. If it is desired to write a binary save tape for restarting
the program at a later time, from the value of RMXLD indicated on

the last Format 4 card, only t. .t card will have a nonzero value

for NRSTRT. A blank card must follow the last Format 4 card.
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Restart procedure. -

The program has been written to enable the user to restart
the program from a point of completion of a given loading sequence,
once the necessary binary saved tape has been written. This re-
start capability enables the program to continue loading to a new
maximum level above the previous level or to unload elastically

from the previous level and reload in the reverse direction.

Only Format 1 and Format 4 data cards are used for a restart
run. Information contained on the Format 2 and Format 3 data cards
are provided on the saved binary tape. The first data card acts
as a control to the program; any positive number for IRSTRT in
columns 1-5 on the Format 1 card indicates a continuation of a
previous run. Saved binary data are read from FORTRAN logical
tape 11 (B-6). The final Format 4 data card also acts as a con-
trol to the program; any positive number for NRSTRT in columms 78-80
indicates that a binary save tape will be written on FORTRAN logi-
cal tape 10 (B-5).

Special instruction cards. -

The programs require special input tapes and may require the
writing of a save tape to be used for a continuation run. For this
reason Special Instruction Cards are employed to relate, to the
computer operator, any information regarding the tapes to be mounted
at the start of any run and the tapes to be saved at its conclu-
sion. All programs require a Special Instruction Card which must

contain the following information:
AT PAUSE 1 MOUNT AN INPUT REEL ON A-5; AT PAUSE 2 SAVE A-5.

In addition, if the run is an original loading sequence to be con-
tinued at a later time, or is a restart of a previous run to be

completed, or is a restart to be continued at a later time, then

10
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additional instructions are required. These instructions are given

to the operator in the form of the fpllowing statements:
When original loading is to be continued:
AT PAUSE 1 MOUNT BLANK REEL ON B-5; AT PAUSE 2 SAVE B-5.
When a restart is to be completed:
AT PAUSE 1 MOUNT SAVED BINARY DATA ON B-6; AT PAUSE 2 SAVE B-6.
If restart is to be continued:

AT PAUSE 1 MOUNT BLANK REEL ON B-5 AND REEL CONTAINING SAVED
BINARY DATA ON B-6; AT PAUSE 2 SAVE B-5 AND B-6.

Output

Printed output begins with a listing of the various input
parameters used in the particular loading case. Calculations per-
formed for each load increment need not be listed. The amount of
generated output, during any loading sequence, is determined by
the value of the interval of print out, INT. The following infor-

mation is listed at each interval of printing:

Holorith Statement Comments
LOAD LEVEL, P = Current load level

ELEMENT STRESSES

N@DE N@ Node or element number
g%gﬂi : § Components of the stress vector,
TAU - XY listed row-sort for each element.

The following information is listed only for those elements

that are plastic:

Holorith Statement Comments
“’ ‘J_':;
ELEMENT N¢ [ f
C The hardening coefficient. Values of

C listed as 1 indicate that the
element is perfectly plastic.

11



DLAM

DMU

DELTA ALPHA - X
DELTA ALPHA - Y }
DELTA ALPHA - XY

DELTA EP - X
DELTA EP - Y }
DELTA GAM - XY

TPT ALPHA - X
T@T ALPHA - Y }
T@T ALPHA - XY
PLASTIC EP - X
PLASTIC EP - Y }
PLASTIC GAM - XY

Scalar factor, dA, used to evaluate
the plastic strain increment.

Scalar factor, du, used to evaluate
the increment of translation of the
center of the loading surface.

Components of the increment of transla-
tion of the center of the loading sur-
face, da,..
1]

Components of plastic strain incre-

ment, de...
1]

Components of total translation of
the center of the yield surface
a,..

1]

Components of plastic strain, eij'

STRAIN - X Components of total strain, (elastic
STRAIN - Y } plus plastic), e - '
STRAIN - XY J

Components of elastic strain, e,..

ELASTIC EP - Y 1J

ELASTIC EP - X }
ELASTIC GAM - XY

The generated output begins at a load level equal to the sum

of the maximum elastic load plus the load increment. The output

is listed for each interval of printout until the value of the load
reaches the maximum (or minimum) load, specified by RMXLD on the

Format 4 data card. The program determines whether the structure

can be unloaded elastically to a zero-load state, i.e., whether
the loads can be removed from the structure without additional plas~
tic deformation occurring. If the states of stress and strain are

such as to allow elastic unloading to a zero-load condition, then

12
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values of residual stresses and strains are computed and listed.
If however, states of stress and strain at the maximum (or minimum)
load are such that plastic behavior commences prior to a complete

unloading, then additional incremental computations are performed

in accordance with the chosen method of analysis. These computations

are continued until the load level is as close to zero as the load
increments will allow. The values of stress and strain listed at

this load level will be the residual values.

Sample output. -

A listing of output generated by the STRAIN Program is given
on the next page. The structure for which the computations have
been performed is the stiffened panel discussed in Section 4 of
CR-803; the maximum load level is 15,055 lbs, the load increment
used is 100 1bs; and elastic, limited strain-hardening behévior is
assumed. Since the load level, P, 1is at the desired maximum °
load, a listing of residual stresses and strains follqws the usual

output.
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15055,

ELEMENT STRESSES

SIGMA-X
0. 4CG3353GF N3
0.16357253t C4
0.16697162E C4
C.36635876E 04
0.11648036E 04

0.564907508 03

0.37233192E C3
0.45776367E-04
-0.G1172)42F Q4
-0.6377C233E N4
-0.1002¢6782F 05
-0. 328546108 04
-0.3650C787t 03
C.418919C3E 03
0.350546C8F 03
0,30517578F~-04
-0.43234074F 04
-0.37C15683€ 04
-0. 10541 ¢45E 05
-0.7746CC44E 04
-(C428921286E 04
0.23648272E 02
0+30158C47E 03
0.15258765E-04
-0,113G67438E 04
-0.12171480E 0%
~-C.€08573S7E 04
~0.57562693E 04
-C, 3306378lE 04
-0.436G0738E 03
0.28146973E-04
-0.322642708 03
-0+ 29955C05F 03
-0 22475244E 04
-0.17162248E 04
-0. 457881 77F 03
0. 357681641 03
0.

0.30740338E 03
0.29134565F 03
0.37S05G60E Q4
0.5210C345E 04
0.405618C9E 04
0.55482207€E 03
0.12G69€035E 04
0.13565886E N4
C.1527€900E 05
C.12622224E 05
0.456G96732E 04
0.48761243E 04
0.33697376E C4
0. 41094353E (05
0.153573¢9E 05
0. 12224934E 04
~=0.22822423E 04

SIGMA-Y
0.52729180E 05
0.50237689E 05
0.503431998E C5
0.35282353E 05
0.20571577€ 05
0.97879658E 04
0.260G1374E 04

-0.376£6453E 04
0.390698%9E 05
0.42530307E 05
0e415¢7462E C5
0.33958463E 05
0.20920052E 05
0.9822G6513E 04
0.25947570E 04

-0.37070724E 04
0.25799431E 05
0.30954811t ©5
0.28033692E 05
0.28916422€E 05
0.204344G5E 05
0.97T1676G92E C4
0.,25352289E C4

-0.353R3246E 04
0.19102821E 05
0.20355691E 05
0.19342152F 05
0.15865705E €5
C.1A360700E €5
N.82385841€ 04

-0.29024561E 04
0.16458016F 05
0.16871911E 05
0.16019428L 05
0.14G87119E 05
0.11315962F 05
0.53168697E 04

~0.20425645L 04
0.15272731E 05
0.151R7136E 05
0.14987S78E OS5
0.11093373E 05
0.527774G8E 04
0.1761¥2263E 04
0.15079522F 05
0.13801686F CS
0.253¢0812E 05
0.65254965E 04
0.19053392E 04
0.150548C0F 05
0.15054800E 05

-0.25437042E-03
0.

~0.762S3G45E-05
0.30517578E-0¢
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G
0.
O.
0.
0

O.
~(1.56845193E
—=0e6H941L12366F
-0.21632437E
-0, 10534794E

0.76918271E

0.68382661E
0.144575060E

o’
-0.8198248SE
-N.11814749E
~0.65862449E
-0.,23352040E
-0.54568052E

0.14386502E

N.2051]1376F

O
-0.75509665E
-0.1275G2VTE
-0.,9R318718E
-0.53757850E
-0.17211830E

0.,4663624TE

0.
-0.71949854¢C
-0.13141131E
-0.11498318¢E
-N,735690313E
-0.25619G16E

Det422T637E

0.
-C.64050560F
-0,132257095¢
-0.12425824F
-0.71942C65E
-0.20848166E

O.
~0.53656176F
-0.16065230F
-0,10729155F
-N.46236011E

3}

~-0,131684¢€8E
-0.16216193E
-0,87900609¢E
~0.28062864F%
~0.20439764E

04
N4
04
03
01
02
03

D4
05
04
04
03
03
03
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05
04
04
04
03

04
05
05
N4
04
23

04
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05
04
04
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Time Estimates

There is some difficulty associated with establishing an ac-
curate guide for time estimates. The time required to complete any
loading program will depend upon a number of variables. These vari-
ables include: the number of elements considered in the analysis;
the number of elements that become plastic during the course of

loading; the load increment; and the interval of printout.

A table of actual time used by the individual programs for
various load increments is given below. The table should be used
only as a basis of comparison of time used by the various programs,
and not for establishing time estimates for any other structure Or

loading condition.

The values of the required time for the various programs were
determined from computations performed on the stiffened panel. The
incremental procedures associated with each of the programs began
at the maximum elastic load, 8000 1lbs, and continued up to a load
level of 20,000 1bs.

Table I - Computing Time, Minutes
Load 7 Program Name
Increment [ STRESS | STERF | STRAIN } _ STRAPP |
10 28.00 . 27.82
50 14.50 12.95 | 8.02
100 8.11 8.63 ' 5.25
250 4.1 5.53 . 2.62
500  3.20 | 4.8L | 2.25
750 . 3.60 | 4.18 L1.23
1000 3.05 | 4,10 { 1.16
b - - — _ i _ [ D R S ——
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BUCKLING COMPUTER PROGRAMS

General Program Discussion

The formulation of the plastic buckling problem for initially
flat panels, within the framework of the stiffness method of dis-

crete-element analysis, is found in Section 6 of CR-803.

Based on this formulation, the computer programs must perform

the following two basic operations:
1) Form the stiffness matrix of the over-all structure.

2) Solve for the state of stress necessary to cause the
vanishing of the determinant of the stiffness matrix
by either an eigenvalue calculation or by directly
evaluating the determinant of the stiffness matrix.

The first stage of the calculations is now standard within
discrete-element analysis. That is, the stiffness matrix is
evaluated for each finite element in the structural idealization
and then, after taking account of boundary conditions, these in-
dividual stiffness matrices are assembled into the over-all stiff-
ness matrix of the structure. Consistent with the formulation in
CR-803, the stiffness matrix for each element is formed by the pro-
gram in two parts: the element bending stiffness matrix, from sub-
routine BSTIF; and the element initial stress stiffness matrix,
from subroutine MSTIF. The element stiffness matrices are assem-

bled into the over-all stiffness matrices by subroutine STACK.

The second stage of the computations, in the case of a plastic
buckling problem, involves a sequence of eigenvalue calculations or
the evaluation of the determinant of the stiffness matrix for vari-
ous stress levels. An elastic buckling problem requires only one

eigenvalue calculation.
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Two of the three programs developed involve eigenvalue calcu-
lations. The remaining program evaluates the determinant of the
stiffness matrix directly for successive load levels, and detects
the vanishing of the determinant in order to predict buckling. A
succession of determinant calculations is required both for elastic
and for plastic buckling problems. The subroutine used for the
evaluation of the determinant is discussed in the section labeled,

Discussion of Determinant Calculations.

The eigenvalue formulation of the buckling problem involves
the evaluation of the eigenvalues of one of two alternative equa-
tions of the general form, [A]{X} = A[B]{X}. The eigenvalues of
this equation can be found by recasting it in the form,
[B-l][A][X] = AMX}. The matrix [B-l][A] is not, in general,
symmetric if [A] and [B] are symmetric. If [B] 1is positive
definite, however, a symmetric matrix, [C], can be found which
is similar to [B-l][A]. The eigenvalue of interest is then found
from [C]{X} = AX}. The development of this symmetric matrix has
a twofold advantage: since only the lower triangle of the [C]
matrix need be stored in computer core, there is significant stor-
age saving, and subroutines exist which can efficiently evaluate
the eigenvalues of real symmetric matrices. A detailed discussion
of the algorithms used in these operations can be found in the sec-

tion labeled, Solution,of the Eigenvalue Problem Det ([A]- A[B]) =0.

The two eigenvalue programs differ in their degree of gener-

ality and in the form of the eigenvalue equation solved.

Constant stress field eigenvalue program. =

This program is written specifically for a constant stress
field situation with the shearing stress equal to zero. In it,
the positive definite nature of the initial stress stiffness matrix,
[Km], permits the development of the symmetric matrix used to

evaluate the eigenvalues of:
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[Ky] (8} = = A[K_] (o] ¢

where [KB] and A are to be interpreted here as being appro-
priate to either an elastic or a plastic buckling calculation.

The eigenvalue of interest is the smallest one.

A significant computational advantage is gained in the solu-
tion of the plastic buckling problem as a consequence of the
simple nature of the constant stress field. This fact is used to
reduce significantly the amount of computing time necessary to
develop the symmetric matrix, [C], £for successive eigenvalue
calculations. Consequently, this program should be used for
plastic buckling calculations when the stress field is constant

and the shearing stress is zero.

General eigenvalue program. -

This program is capable of handling variable stress fields,
including shearing stress. In it, the positive definite nature of
the bending stiffness matrix, [KB], permits the development of the

symmetric matrix used to evaluate the eigenvalues of:

-(K_] {6} = 3 [K,] (0} , 2)

where [KB], [Km], N are to be interpreted as being appropriate
to either an elastic or plastic buckling caliculation. In this

case it is the largest eigenvalue which is of interest.

Program Input

All programs are provided with an identical input format.
The sequencing and details of the data cards follow. Symbols used
for input data are presented in the section entitled, Symbols and

Format of the Data Cards.
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Sequencing and details of the data cards. -

Card 1 contains general program control variables: NJTS,

Card

Card

KLU, KLU2, KLU3, KLU4, KLU5, NEIG, L@T. The variable

KLU4 is always zero for the constant stress field eigen-

value program.

2 contains plate properties: ANU, E, H, S7, NCH. In the
case of elastic buckling, the problem is formulated so

that only ANU is required.

3 is prepared using one of two formats:

a) The short format contains the following data necessary
to compute plate idealization for equal size elements,
XSZ, YSZ, XN1, YN1, NMEM. In the event that the dimen-
sions of the elements vary along the coordinate axes,

the short format given above must be replaced by the

long format, requiring a considerable number of addi-

tional data cards.

b) The long format:
Group I-Data Cards have one card for each node

point in the idealization. Each card contains:
JT, X, Y.

Group II-Data Cards have one card for each element.
Each card contains: MEM, JI(1), JI(2), JI(3),
JI(4). The order used in the specification of the
JI array associated with a discrete element is

shown below.

y

ﬁ

- JL(3) JL(4)

JI(1) JI(2)
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'

Card 4 is prepared using one of two formats:
a) For a constant stress field:
One card contains APH; BTA, GAM, EN, DEN, The
quantities EN and DEN are always positive. The quantities
APH, BTA and GAM take on a positive or negative sign

according to the sense of the corresponding stress.

b) For a variable stress field:
Group III-Data Cards consist of one card for each
element, each card containing: PX, DSX, PY, DSY,
PXY, DSXY.

Plastic buckling calculations using the eigenvalue programs
require as input an initial estimate of the buckling stress
resultants and the increments of these stress resultants. For a
constant stress field situation this is specified by EN and DEN,
along with APH, BTA, GAM. In the case of a variable stress state,
this is specified by PX, PY, PXY, DSX, DSY, DSXY. The initial es-
timates should be less than, or equal to, the corresponding elastic
buckling values. They can be closely determined by first perform-
ing calculations based on a coarse idealization with large stress
resultant increments, and then using the resulting solution as
input for subsequent calculations with a finer idealization. The
quantities, EN and DEN, are only required for a plastic buckling
calculation. In the case of elastic buckling with a wvariable
stress field, DSX, DSY, and DSXY are not required, and PX,

PY, PXY represent some nominal state of stress with the desired
distribution. The determinant program requires as input initial
values for the stress resultants for both elastic and plastic
buckling calculations. Care must be taken to ensure that these

stresses are below the actual buckling stresses.



Card 5 - Group IV-Data Cards
This grouping is needed at the beginning of each
problem to specify the node boundary conditions.
It can be omitted when the calculation follows
one with the same boundary conditions. The group-
ing has one card for each node, and specifies the
node boundary conditions.l Each card contains:
JOINT, JD(1), JD(2), JID(3), JID(4).

Card 6, the last card of each run, contains a job termi-
nation variable, ST@PIT.

Symbols and format of the data cards. -

Card 1:
Columns Field Symbol Comments
1-3 I3 NJTS Number of node points in plate
idealization.
4-6 13 KLU KLU = 0, Elastic buckling run.
KLU # 0, Plastic buckling run.
7-9 I3 KLU2 KLU2 = 0, No intermediate output.
KLU2 # 0, Intermediate output will
be printed.
10-12 13 KLU3 KLU3 = 1, Idealization is computed
' (Short Format).
KLU3 # 1, Plate idealization is
read as input from Group I
and Group II-Data Cards
(Long Format).
13-15 L3 KLU4 KLU4 = 0, Constant stress field.
KLU4 # 0, Variable stress field,

read from Group III-
Data Cards.

1The rectangular element due to Bogner, Fox and Schmidt used in the
present work requires the specification of four conditions at each
node.
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Columns

16-18

19-21

22-24

25-80

Card 2:

Columns
1-14
14-28
29-42
43-49

50-60

61-80

Columns

1-6

7-12

THE W I I I W I W O Ol O WE TR O S W e e =

Field Symbol

I3 KLUS5
I3 NEIG
I3 LAT

Field Symbol

E14.8 ANU
E14.8 E
E1l4.8 H
17 NC@
F10.2 S7

Card 3 (Short Format):

Field Symbol

F6.0 XSZ

F6.0 YSZ

Comments

KLU5 = 0, Read node boundary condi-
tions.

KLU5 # 0, Omit Data Cards-Group IV,
Number of eigenvalues desired.
Quantity used in specifying the de-
sired accuracy of a plastic buckling

run.

Ignored.

Comments
Poisson's ratio.
Young's modulus.
Plate thickness.
Shape parameter, n, used in
Ramberg-0Osgood stress-strain repre-

sentation.

0p.7, used in Ramberg-Osgood stress-
strain representation.

Ignored.

Comments

Length of plate along x axis, or
the length of that portion of the
plate considered when symmetry is
taken into account,

Length of plate along y axis, or
the length of that portion of the

plate considered when symmetry is

taken into account.
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Columns

13-18

19-24

25-26

27-80

or

Card 3 Group I-Data

Columns
1-4
5-16

17-28

29-80

Group II-Data Cards

Columns
1-3
6-8
9-11

12-14

15-17

18-80

Field

F6.0

F6.0

I2

Field
14
El2.1

E12.1

Field
13

I3
13
I3
I3

Symbol
XN1

YN1

NMEM

Cards (Long
Symbol

JT

X

Y

Symbol

JI(1)
JI(2)
JIL(3)
JI(4)

Comments

Number of plate elements along the
X axis.

Number of plate elements along the
y axis.

Number of plate elements in the
idealization.

Ignored.

Format)

Comments
Node number.
X coordinate of node.
y coordinate of node.

Ignored.

Comments

"Element number.

Node points associated with the
"MEMth" discrete element.

Ignored

26
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4a) Card 4 (Constant Stress Field)

Columns Field Symbol Comments
1-10 F10.2 APH Ratio of direct stress, Oy to

stress intensity, 0*.2

11-20 F10.2 BTA Ratio of direct stress, o, to
stress intensity, 0*.2 y

21-30 F10.2 GAM Ratio of shearing stress, Txy, to
stress intensity, o,.

31-40 F10.2 EN Stress resultant intensity, ho*.z

41-50 F10.2 DEN Increment of stress resultant
intensity, AN*.Z

51-80 Ignored.

or

4b) Group III-Data Cards (Variable Stress Field)

Columns Field Symbol Comments

1-10 F10.2 PX Element stress resultant, Nx'2

11-20 F10.2 DSX Increment of element stress re-

| sultant, ANx.

21-30 F10.2 PY Element stress resultant, Ny.2

31-40 F10.2 DSY Increment of element stress re-
sultant, ANy.2

41-50 F10.2 PXY Element stress resultant, ny.z

51-60 F10.2 DSXY Increment of elsment stress re-
sultant, Any.

61-80 Ignored.

2These quantities, as defined above, apply in the case of plastic
buckling when the eigenvalue programs are used. In the case of
elastic buckling calculations and of plastic buckling calculations

when the determinant program is used, these quantities are divided
by the flexural rigidity, D.
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5. Group IV - Data Cards

Columms
1-3

4-6

7-9

10-12

13-15

16-80

6. Card 6
Columns

1-5

6-80

Field Symbol
I3 JPINT
I3 JD(1)
13 JD(2)
I3 JD(3)
13 JD(4)
(Last Card)
Field Symbol
F5.0 STPPIT

Comments
Node number.

JD(1)
JD(1)

0, Wj is fully restrained.

S

0, Wj is free at node j.

JD(2) o, wxj is fully restrained.
JD(2)

S
o
.

. 1is free at node j.
X]

JD(3) = 0, w_. 1is fully restrained.
JD(3)

-
o
-

is free at node j.

I
S

JD(4) 0,
JD(4) # 0, w__. 1is free at node j.

Ignored.

Comments

STPPIT = O, program will accept
additional input data and continue
to run.

STPPIT # 0, program stops, all
jobs completed.

Ignored.

Program Output

The printout begins with a statement specifying whether the

run is an elastic or plastic buckling calculation. The input vari-

ables defined in the section labeled, Program Input, along with the

node coordinates and the JII array, follow. The stress field,

specified by APH, BTA, GAM, EN, DEN for a constant stress field,

28
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or PX, DSX, PY, DSY, PXY, DSXY for a variable stress field, is
printed next. Nodal boundary conditions, specified as either

zero or one for each degree of freedom, follow.

Eigenvalue programs. -

The calculated output depends on the program used. The eigen-
value programs print a holorith statement, FUTILE WAS TROUBLE FREE,
if the computation involving the formation of the lower triangular
matrices is successfully completed. In the event that this calcu-
lation cannot be completed, the program prints, C IS NPT PPSITIVE
DEFINITE or @VERFL@W, and then returns to the beginning of the pro-
gram. A listing of the eigenvalues follows. In the case of the
constant stress field eigenvalue program, all the eigenvalues are
printed. The general eigenvalue program allows the option of
printing any number of consecutive eigenvalues starting with the
largest one (specified by NEIG). Consistent with the plastic buck-
ling formulation, a sequence of eigenvalues associated with differ-
ent loadings will be printed, until the desired solution is ob-
tained. This solution satisfies the plastic buckling criterion,
which requires that the largest eigenvalue be equal to one in the
general eigenvalue program, or the smallest eigenvalue be equal to
one in the constant stress field program. When this solution is
reached, ERRPR is printed out. This variable is equal to (X - 1),
where A is the smallest eigenvalue for the constant stress field
program, and is the inverse of the largest eigenvalue for the gen-
eral eigenvalue program. It is a measure of the closeness of the
desired eigenvalue to one. The allowable error is specified by
the input variable, L@T (absolute value of ERR@R < lO-LﬁT). The
final printed output is the buckling stress resultants. In the

case of an elastic buckling calculation, the stress resultants are
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divided by the plate flexural rigidity, D, and listed as NX/D,
NY/D, NXY/D. 1In the case of a plastic buckling calculation, the

stress resultants, NX, NY, NXY, are printed.

Determinant program. =

This program prints the determinant of the stiffness matrix
for a sequence of load levels. The determinant information is

printed under the following headings:
CYCLE number of determinants printed

DETERMINANT the value of the determinant if it can be
stored in a floating point number

KEY KEY = 0 if determinant can be printed,
KEY = 1 if determinant cannot be printed
due to overflow or underflow

if KEY = 1, KAY and VALUE are printed such that
the determinant equals VALUE * 2Kay (see section

VALUE entitled Discussion of Determinant Calculation)

KAY }
When the value of the determinant changes sign, the program prints,
THE SIGN ¢F DET C HAS CHANGED. This will be printed any number
of times until the error criterion specified by L@T is satisfied.
When the determinant is close enough to zero, the stress resultants

are printed in the same manner as in the eigenvalue programs.

Sample output. -

Sample output is shown for both the elastic and plastic buck-
ling of a simply-supported square plate with a uniform compressive
load on two opposite edges. Symmetry conditions were taken into
account, so that only one-quarter of the plate was considered. 1In

order to limit the amount of output, a coarse network consisting of

only four elements was used for the plate idealization. Calculations
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based on this idealization are shown for: 1) elastic buckling,
using the general eigenvalue program; 2) plastic buckling, using
both the constant stress field program and the determinant program.

* - The input parameters common to all three cases are only shown once.
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List of Subroutines

The following subroutines are called from the main program,

BIGSYM

BSTIF

DAGGER

FUTILE

IMEQF

MSTIF

SCRIBE

STACK

SWITCH

computes eigenvalues of a real symmetric
matrix

computes element bending stiffness matrix

Performs the operation, [Mk] [Hk] [MkT] (see

section labeled, Solution of the Eigenvalue
Problem Det ([A] - A[B]) = 0)

forms lower triangular matrix, [L], from posi-
tive definite matrix such that, [B] = [L][L]T"

computes the determinant of a matrix, or
solves a system of linear equations

computes element initial stress stiffness
matrix

prints C-array

assembles element stiffness matrices into
over-all stiffness matrix in C-array

permutes the elements of the C-array from a

partial row arrangement to a partial columm
arrangcoent

Time Estimate

Any estimate of program iunning time is dependent on the num-

ber of determinant or eijenvalue calculations necessary to arrive

at the proper buckling stresses, and the size of the stiffness

matrices associatcd with the plate idealization. The number of

eigenvalue or determiuunt calculations depends on the initial es-

timate of the buckling stress state, the stress increments selec-

ted and the desired accuracy of the final solution. Computing

time for eigenvalue or determinant calculations increases in a
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nonlinear fashion as the order of the stiffness matrix increases.
1f the initial estimate of the buckling stresses is far from the
actual buckling stresses, and the stréss increments selected are
small, program running times for large matrices may be excessive.
However, if the estimate of buckling stresses is chosen carefully,
the running times for plastic buckling calculations will be sig-
nificantly reduced. Results for some plastic buckling calcula-

tions using the general eigenvalue proyram are shown below:

Number of
Matrix Eigenvalue ime
Size Calculations (min.)
35 x 35 10 1.52
95 x 95 7 3.78
130 x 130 5 5.90

As can be seen, the computing time increases rapidly as the size

of the matrices is increased.

Solution of the Eigenvalue Problem Det ([A] - A[B]) =0

The algorithm used by the program requires that [A] and [B]
be symmetric and [B] positive definite. If [A] 1is positive
definite, but not [B], a slight variation of the procedure can

be used. The calculation takes place in two principal stages:

1) Formation of a real symmetric matrix, ([C], where
eigenvalues are the roots of det ([A] - A[B]).

2) Solution of the standard eigenvalue problem for [C].

The second stage employs a technique which has become almost
standard. Specifically, [C] is reduced to a tridiagonal sym-

metric matrix, [T], by orthogonal similarity transformations
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(based on Householder matrices), and the eigenvalues are then
located by exploiting a Sturm-sequence property. An excellent
account of the procedure is given by Wilkinson,3 so that we shall
not pursue the details here, except to remark that the eigenvalue
program accepts the matrix, [C], in triangular form in order to
make possible the processing of fairly large matrices (maximum
order in excess of 200 on the IBM 7094) without resort to tapes or
other secondary storage devices. This computation is performed by
subroutine BIGSYM.

The first stage of the algorithm is not so widely known, and
we propose to describe it somewhat more closely. The equation,
det ([A] - MB]) = 0, 1is satisfied if and only if there is a non-
zero vector, ({x}, for which [A]{x} = A[B]{x}. Because [B] is
assumed positive definite, it is certainly nonsingular and the
condition given is equivalent to [B]-l[A]{x] = AMx}. One might,
therefore, attempt the solution of the standard eigenvalue prob-
lem for the matrix, [B]-l[A], but a more convenient alternative
is available. The positive definite character of [B] ensures
the existence of a nonsingular (real) lower triangular matrix, [L],
such that [B] = [L][LT]. Obviously [B]-l[A] is given by
L] F[L]"1[A], and if [C] is defined to be the matrix,

(L1 (A1L)T, (c] is symmetric and [c] = [LIT(B17M(A1L]T,
so that [C] 1is similar to [B]—l[A]. It follows that the roots
of det ([A] - A[B]) are the eigenvalues of [C].

- The formation of [C] as an intermediate step of the calcu-
lation has much to recommend it. First of all, [C] is obtained
more economically than [B]-l[A] itself. Given [L] and [A],

[C] can be formed with the use of only n3/2 multiplications,4

3Wilkinson, J. H., The Algebraic Eigenvalue Problem, Clarendon
Press, Oxford, 1965, pp. 290-315.

4All matrices considered here are square, of order n.
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whereas about n3 multiplications seem to be needed to produce
[B]-l[A], on the assumption that [L] 1is obtained from the Chol-
eski algorithm, and the columns of [B]-l[A] are then obtained
by solving the triangular systems, [L]{z} = {y}] and [L]T[x}==[z},
with the role of y taken by successive columms of [A]. Other
methods for calculating [B]—l[A] appear to be still more expen-
sive. Secondly, the symmetry of [C] makes it possible to store
roughly half its elements, while [B]-l[A] requires a full square
array. Finally, the solution of the eigenvalue problem is con-
siderably simplified if the matrix is known to be symmetric. The
more prominent benefits conferred by symmetry include the follow-
ing:

The eigenvalues are known to be real numbers;

this contrasts with the situation for general

real matrices, which may have complex eigen-
values.

The problem is necessarily well-conditioned;
small errors in the matrix cannot lead to large
errors in the eigenvalues. Moreover, there are
stable, accurate algorithms for computing the
roots. The Householder technique is probably the
most efficient of these algorithms.

The eigenvalues of a symmetric matrix can be cal-
culated more rapidly than those of a general matrix.
A factor of 2 is a conservative estimate of the gain
to be expected.

The lower triangular matrix, [L], is derived from [B] by
application of the Choleski algorithm, using only about n3/6
multiplications. One assumes the existence of an [L] satisfying

[L][L]T = [B], and determines its elements successively (a row or

k
a column at a time) to satisfy the equations, Z zijﬂkj = by
j=1

for i > k. It is not difficult to show that the stipulation,
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Zkk >0, (for all k) leads to a unique solution of these equa-
tions. It is convenient to store each element of ' [I,] over the

corresponding row of [B]. Subroutine FUTILE carries out the

Choleski decomposition of [B] in this fashion.

We note that any lower triangular matrix, [L], has the
factorization, [L] = [Ll][LZ] .oe [Ln], where each [Lk] is a
lower triangular matrix differing from the identity only in the
first k elements of row k which are given by ﬂik for
i=1, 2, ..., k. The inverse, [Mk]’ of [Lk], has the same
form, with mg = I/Ekk and m, = - zkimkk for i < k. In order
to determine [C] we define [Hb] = [A] and [Hk] to be the
matrix, [Mk][Hk_l][Mk]T. It is easy to establish that [C]==[Hn].
Each [Hk] is symmetric and requires roughly nk multiplications.
If [L] 1is placed on a secondary storage device, replaced in main
storage by [A], and then reintroduced one row at a time, the for-
mation of [C] can be accomplished with the use of one large (tri-
angular) array and a few extra vectors. Row k of [L] is brought
into core, changed to row k of [Mk] and then used to generate
[Hk] from [Hk_l]. The subroutine DAGGER performs these calcula-
tions and is entered once for each k to produce [Hk]’ given

[Hk-l] and the nontrivial elements, m, in M, .

After calculating the elements of [C], but before invocation
of the eigenvalue routine, the program must alter the triangular
array containing [C] in order to store [C] in the form expected
by the eigenvalue routine. For the Choleski decomposition and the
formation of [C], it seems most convenient to store all the lower
triangular arrays in consecutive (partial) row order, illustrated

on page 42 for a matrix of order 5, Unfortunately, this

arrangement appears to be somewhat awkward for the execution

41




1
of the Householder algorithm, and we found 23
it.expedient to empley a subroutine which 456
permutes the elements of the C array so 78910
as to leave the array in consecutive 11 12 13 14 15
(partial) column order, also shown for a
5 x 5 matrix. Of course, it is desirable 1
to accomplish the transformation within 2 6
the triangular array (except perhaps for 3710
a few additional storage locations) and 4 8 11 13
to carry it out rapidly enough to avoid 5912 14 15

any serious effect on over-all execution time. The design of an
appropriate procedure represented an interesting and fairly chal-
lenging programming problem. A reasonably satisfactory solution
was reached, It consists of first reversing the triangular array
and then reflecting it about the reverse main diagonal. We show

the intermediate arrangement for order 5. It is not known whether

the problem has been previously con- 15 /S
sidered, or whether our solution is 14 13 /
near-optimal; it achieves the order 12 11 0//

in about n2/2 interchanges (trans- 9 8 7 6
positions in the terminology of per- o5 4 3 2 1

mutation theory). The rearrangement of the triangular array is done

by subroutine SWITCH.

The main lines of the procedure for roots of det ([A] - A[B])
are set forth by Wilkinson.5 The entire Wilkinson text is a first-
rate discussion of most of the commonly used algorithms for the
determination of eigenvalues and eigenvectors. The interested

reader is strongly advised to consult this reference.

Ibid., pp. 337-339.
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Discussion of Determinant Calculation

The determinant evaluation is performed by the subprogram,
IMEQF, which is a standard routine for the solution of linear alge-
braic equations. The algorithm may be described as triangular de-
composition with scaling, partial pivoting, and double precision
inner product accumulation. After the matrix has been scaled so

that each row and colum has its largest element near 1 in magni-

‘tude, the calculation differs very little from the formulation

given by Wilkinson.6 Essentially, one writes [A] = [L][U], where
[L] 4is unit lower triangular (i.e., zkk =1 for all k) and

[U] 1is upper triangular. The determinant is then obtained as the
product of the diagonal elements of [U]. In computing the deter-
minants of matrices of high order, some care must be taken to guard
against floating-point spill, since such determinants may have ex-
tremely large or small values. The version of IMEQF used here has
been modified to monitor the formation of the successive partial
products rather closely, so that spill can be detected almost im-
mediately. If the determinant is too large or too small to be
stored as a conventional floating-point number, it is then returned
as a pair, (p, x), which indicates a value of 2Px. oOn the

=35 35
2

IBM 7094, p may be any integer in the range 2 to 2 so

that virtually any real number can be represented in this form.

®1bid., pp. 225-229.
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$ EXEC U
$ 18JO B
$ IBFT C

TE I
F
STRESS L
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
COMMON AP
COMMON DE
COMMON EP
COMMON NE
COMMON S
COMMON SU

STRESS PROGRAM

BJOB
I0CSsMAP
ISTsREF
APH(165)
BA(60)
BAPH(165)
CA(3493)
CSM(55)
DAPH(165)
DEP(165)
DLAM(55)
DMEW(55)
DSUM(165)
EEP(165)
EP(165)
E1(55)
E2(55)
E9(60)
L(61)
NEC(165)
NNPP (55)
PSIM(60)
SIG(165)
ST1J(165+60)
SIM(165)
SQ(165)
STR(165)
SUM(165)
Uurss)

Wi(55)
YCE(55)
IMTRX(60+60)
H + BA

p DEPM
£9
NNPP
SIG
U

BAPH
DLAM
KOUNT
NODE
SIJ

M W

* € v ¢ W

’
’
C ’
’
’

* @ 9 ® 9 e

CA
DMEW
KLu
NP
SIM
YCE

’
’
’
’
’
*

CSM
DSUM
L
N3NO
SQ
ZMTRX

STRESS METHOD - STEPWISE LINEARIZATION PROCEDURE

PAUSE 1
CONST=140E
REWIND 9
READ (54319
XLB=RMLDX

+06

) TRSTRTsRMLDX

. @ 9 ¢ o

DAPH
EFP
MCOL
PSIM
STR

IF(IRSTRT)60+60961

61 READ(11) APHsBAsBAPHsCA9sCSMsDAPHDEP3sDLAMIDMEWsDSUMIEEPWEPWE1sF2
* E9 oL sNEC oNNPPsPSIMysSIGeSIJsSIMeSQeSTReSUMIUIWIYCE 9ZMTRX
* IAVAILs INTs IRECyKLUIMCOL s NCOMP ¢ NODE 9PMsPCRIT9SIGOsTol >
& ZFLsDEPMsSsTEST9GesMCOUNT sGNUSE D
NP=MCOL
N3NO=NCOMP
* KK=INT
IREC=0
K9=KK
N=1

WRITE(69320)
WRITE(69321) INTsSIGOsEsGNUIDEPMsDs T XLB
IF(XLB/PM =1,0)629624+63

48




T 2z T T 2 - L] L

62

63

60

30

91

92

93

40

94

65

KTRANS=2
GO TO 232
KTRANS=1
GO TO 232

READ(59322) NODE sNCOMPyMCOL»INT

KTRANS=1
N3NO=NCOMP
NP=MCOL
READ(59323) SIGOsEsGNUsZFL
N=0

CALL SETAPE (9+2)
READ (9){SIM(TI)sI=1sN3NO)
REWIND 9

ALPH=0,

DO 90 I=14NODE
APH(3%1-2)=ALPH
APH(3%#]-1)=ALPH
TAVAIL=1

IREC=0

PO 91 K=1sNODE
U(K)=0,
DLAM(K)=0,
NDMEWI(K)=0.
YCE(K)=0,
MCPL1=MCOL+1

DO 92 1=1,MCPL1

L(I)=0

DO 93 J=1sN3NO
APH(J)=0,
SAPH(J)=0,
DAPH(J)=0.
DEP(J)=0.
DSUM({J)=0,
EEP(J)=0,.
FP(J1=0a
SIG(J)=0.
SQ(J)=0.
STR{J)=0.
SUM(J)=0.
NEC(J)=0
TEST=0,
PM=0.0

KK=1

Ko=1

DO 94 I=14NODE
CSM(1)=0460
NNPP(I)=0
W(I) =00
ITFIN)65965966
N=1

READ(54324) PMAyDEPMyDsT s XLB9WKLUINRSTRT

WRITE(6+320)

WRITE(69313) INTsSIGOsEsGNUDEPMeDsTeXLB

DO 95 J=1,NODE
N1=3%J=2
N2=3%J-1

N3=3%#J
ZIB1=SIM(N1)*PMA
ZIB2=SIM(N2)*PMA
ZIB3=SIM(N3)*PMA
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95

96
97
20
68

67

70
69
66

34

124

33

73

72

98

116

99

100

—

YCE(J)=(ZIB1 —ALPH)*%¥2-(ZIB1~ALPH)*(ZIB2~ALPH)+(ZIB2~ALPH)**¥2+3,0%
(Z1B3)**2

R=040

DO 96 I=1sNODE

R=AMAX1(YCE(I)sR)

NO 97 T=14NONF

IF(YCE(I)Y=-R)97+20,+97

CONTINUE

N1=1I

IF(KLUYET 67468

CSM(1)=1.,

NNPP(1)=1
BZ=(ALPH-SQ(3%N1-2))*(240%SIM(3%N1-2)-SIM(3#N1=-1))
BY=(ALPH-SQ(3#N1-1))%*(240*SIM(3%#N1-1)-SIM(3%¥N1-2))
BX=6e O¥SIM{3%N]L)*(~1,0%SQ(3%N1))
RV=(~-1e0)*(BZ+RY+RX)

BA(1)=SIM(3%#N]1=2)%%2

838=SIM(3#¥N1-2)*#SIM(3*N1-1)

BC=SIM(3%N1-1)%®2

RD=3,0%(SIM(3%#N])*%2)

BE=BA(1)-BB+BC+RD

R=RV/RE
Cl=((ALPH=-SQ(3%¥N1-2))**24+ (ALPH-SQ(3%#N1-1) ) %**2-(ALPH=-SQ(3%¥N1-1))*(A
LPH=SQ(3%#N1=2))+3+%(~1e*SQ(3%#N1))%#%2-SIGO**2)/BE
IF(PMA)69+69+70

PCRIT=((=140%B)+SQRT(B##2-4,0%#C1)1/240
GO TO 71
PCRIT=({(=1e0%B)~=SQRT(B*¥%#2-4,0%C1))/260
GC TO 71

READ(59324) PMASJDEPMsDsToXLBsKLUSNRSTRT
GO TO (33,34) » KTRANS
PO 124 1=1,NODE

W(TI)=0e

CSM(I1=0,

NNPP (1)=0

BAPH(3%[=2) = APH(3%]-2)
BAPH(3*I-1) = APH(3%]-1)

BAPH(3%#I) = APH(3%])

K=K K

KTRANS=1

N=1

IF(PMA)YT2573472

REWIND 9

PAUSE 2

CALL FXIT

WRITF(69312)

WRITE(6+320)

WRITE(69313) INTsSIGOsEsGNUIDEPMsDsTyXLB
DO 98 I=1sN3NO

SIG(II)=SIM(T)*PMA+SQ(1)

DO116 I=14NODE

YCE (I1)=((SIG(3%#]=1)=BAPH(3%I~1))##2)—((SIG(3%]-1)-BAPH(3%*I=1))*(S
IG(3%#[=2)=RAPHI(3%1=2)))+((SIG(3%]-2)-BAPH(3%#]=2))*%¥2)+(3,0%((SIG(3
*#T)-BAPH(3%1))%%2))

P=0,0

DO 99 1=1,,NODE

R=AMAX1(YCE(1)sR)

DO 10C I=1sNODE

IF(YCE(I)=R)100974+100

CONTINUE
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T4
76

75

78

77
71
80
37

101
79
41

102

83

86

87
88

89

N

—

Nl=1

IF(KLU)T754+75476

CSM(I)=1,

NNPP(1)=1
BZ=(BAPH(3*N1—2)-SO(3*N1—2))*(Z.O*SIM(3*N1-2)—SIM(3*N1—1))
RY:(BAPH(3*N1—1)—SO(3*N1—1))*(2.0*SIM(3*N1-1)—SIM(3*N1—2))
RX=(6.0*SIM(3*N1)*(BAPH(B*Nl)-SO(B*Nl)))

RV=(=140)%(BZ+BY+RX)

BA(1)=SIM(3#N1=2)%%2

BA=SIM(3%¥N1=2)*#SIM(3%#N1~1)

RC=SIM(3%¥N1-1)%%2

BD=3e¢0%(SIM(3%N]1)*%2)

BE=BA(1)=-BB+BC+8D

B=BV/BE
C1=(((BAPH(B*Nl-Z)-SQ(B*Nl-Z))**2+(8APH(3*N1-1)-SO(3*N1—1))**2)»((
BAPH(B*Nl-l)—SO(B*Nl-I))*(BAPH(B*NI-Z)—SQ(B*NI-Z)))+((3.0*(BAPH(3*
N1)Y=-SQ(3%*N1))*#2)-S1GO*%2)) /UUSIMI3¥NI=2)%#%2)~( (SIM(3%N1=2))*(SIM
(3¥N1=1)) ) +(SIM(2XNI=1)%%2)+(340%SIM(3%N1)%%2))

TF(PMA)Y 77477478

PCRIT=((=1¢0%¥B)+SQRT(B**¥2-44,0%C1))/2e0
GO 70 71
PCRIT=((~140%B)=SQRT(B*%2-4,0%C1))/240

IF(PCRIT/PMA) 7948080

IF(TEST) 79479437

WRITE(69308)

WRITE(69309)

DO 101 J=1sNODE

REST1=(SQ(3#J=2)~GNU*SQ(3%J~1))/E+EP(3%J=-2)
REST2=(SQ(3#J-1)~GNU*SQ(2%J=2)) /E+EP(3%J=1)
REST3=2,0%(1e0+GNUI*SQ(3%#J) /JE+EP(3%]) ‘ y
WRITE(69310)J’SO(3*J-2)9SO(B*J-1)’50(3*J)9REST19REST2’REST3
CONTINUE

IFI(XLB)414973941

TEST=1.

PM=PCRIT

DO 102 J=1sN3NO

SUMIJ)=STIM{J)*PM+SQ(J)

SIG{J)Y=SUMI( )

2=ST1GO*%2

SMALL=CONST /2

D2=D/SQRT(3,0)

PM=PM+DEPM

WRITE(69326) S

TA=0

KOUNT=0

DO 103 I=1sNODE

YCE(I)=((SIG (3%[-2)=APH(3%[=2))%#%2)~((SIG (3#]~2)=APH(3%#1=2))#(S]
G (3%]-~1)-APH(3%I-1)))+((SIG (3% =1)=APH(3%#]=1))%%#2)4+3,0%((SIG (3%
I)=APH(3%]))%*%2)

Z9= (YCE(I)/Z-140)

IF (29 + SMALL 185486486

Utly = 1

Wily=1

TFCSM(T) = 1,0) B87488,87

IF(KLU) 88489488

CSM(1) = 140

TA=1A+1

NNPP (TA)=1

GO 70O 103

KOUNT = KOUNT + 1
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85
103

26

109

211
214
<215

218
122

216

123
217

213
110
204

209

221
222

—

S1=T*#((ABS(SUM (3%#1-2)-BAPH(3%1-2))/D)**¥(T=140))/D
S$2=T*((ABS(SUM (3%#I-1)-BAPH(3#I-1))/D)**(T=140))/D
S3=T#((ABS(SUM (3*I)=BAPH(3%1))/D2)**(T-1.0))/D2

QZIG=({{(SUM (3% ~=1)-APH(3%]-1))%¥%2)+((SUM (3%¥]-2)-APH(3%]=2))%*%2)+
{(SUM (3%#1)—-APH({3*])) *%2))%%,5 .

V1 =(SUM (33#]=2)~APH(3%1-2))/QZIG

V2 ={SUM (3#][=1)-APH(3%]-1))/QZIGC

V3 =(SUM (23#1)-APH(3%1))/QZIG
CSMUT)={(V1I**¥2)%¥S]1)+((V2#%2)%S2)+(( VI*%¥2)%53)

GO TO 103

W(I) = 0.0

CONTINUE

J=1

DO 109 I=1sNODE
IF(UCT))I269109926
JT7=3%]=2

JB=3*]~-1

Jo=3%]

L(J)Y=J7

L(J+1)=J8

L(J+2)=J9

J=J+3

CONTINUE

L(J)=999

DO 110 I=1sMCOL
I1=L(T1)

IF(L(I) = 999 ) 211+209+211
IF(NEC(II)) 21392144213
IF(TAVAIL-MCOL)21542154+204
I1I=11-1=-1IREC
IF(IT11216+217+218

DO 122 JJ=1»111

READ (9)

GO TO 217

T1I=(-1)%111

DO 123 JJ=1,111
BACKSPACE 9

READ (9) (STJ(JJsTAVAIL) »JJ=19»N3NO)
TREC=11

NEC(II)=TAVAIL
TAVAIL=TAVATL+1

GO TO 211

NN=NEC(II)

CONTINUE

WRITE(69311)

CALL EXIT

CALL INCREM

COMPUTE YIELD CONDITION EQUATION

DO 104 I=1sNODE

IF(W(I)) 10441044221

TF(CSM(T) ~ 140) 22291044222
F=(((SUM(3%#]=2)=APH(3%]=2))%*(DSUM(3%]1-2)=(DSUM(3%]1-1))/240))+((SUM
(3% =1)=APH(3%¥I-1))%(DSUM(3%1=1)=(DSUM(3#1-2))/2e0))+(3e0%(SUM(3%]
)=APH(3%*1))*(DSUM(3%1))))
DLAM(I)=(240%CSM(T))*F/((540%(SUM(3%]-2)=APH(3%#[=2)) #¥*2)=(840%(5U
M(3%1=2)—APH(3%1-2))*(SUM(3%]=1)=APH(3%]=1)))+(50%(SUM(3%#1-1)-APH

L (3%1=1) ) %%2) 4+ (3640%(SUM(3*])~APH(3%]))*%2))

DMEW(IVSF /(((SUM(3%#1=2)=APH(3%#]=2))#%2)=((SUM( 3*[=2)=APH(3%]=-2))
) 52




NN

NN

224

223

104

225

106

105

107

226

108

114

115

#ISUM(3%#I=1)-APH(3%#]=1)) )+ ( (SUM(3%#1=1)~APH(3#]=1))%%¥2)4(3,0%(SUM(3
*¥I)~APH(3%*]))%*#2))
IF(DLAM(TI)) 22392244224

COMPUTE THE DELTA FPSILONS

DEP(3%[-2)=2,0%((SUM(3%]=2)-APH(3%#1-2))-(SUM(3%]-1)~APH(3%1=1))/2,
C)y*DLAM(T)
DEP(3%¥I-1)=240%((SUM(3%I~1)-APH(3%]=1))=(SUM(3#]=2)=-APH(3%1-2))/2,
0)*DLAMI(T)

DEP(3%1)=640%((SUM(3%])=APH(3%])))*DLAM(])

COMPUTE THE DELTA ALPHAS

DAPH(3%#1=2)=(SUM(3#1=2)=~APH(3%1=2))*DMEW(])
DAPH(3%I=1)=(SUM(3%]~1)=APH(3%]-1))*DMEW(1)
DAPH(3%1)=(SUM(3%])=APH(3%]))*DMEW(I)

CALCULATE ALPHA SUMS

APH(3%I=2)=APH(3%]=2)+DAPH(3#1-2)
APH(3%#I=1)=APH(3%]-1)+DAPH(3%#[~1)
APH(3%#I)=APH(3%*] )+DAPH(3%1])

CALCULATE EPSILON SUMS

EP(3%]~2)=EP(3*#]-2)+DEP(3%]~2)
FP(3%]1-1)=EP(3%]-1)+DEP(3%#1~-1)
FP(3*I)=EP(3%1)+DEP(3%])

GO TO 104
DEP(3%]-2) =
DEP(3%#1-1)=0,
DEP(3%1)=040
CONTINUE

DO 105 K= 14N3NO

SJ=0,40

DO 106 I= 1sN3NO

NT=(I-1)/3+1

IF(UINT)) 22541064225

K1=NEC(I)

SI=SJ+STJI(K9yK1I*EP(])

CONTINUE

SQ(K) = SJ

DO 107 LX=1sN3NO

SUMILX)=SIM(LX)*PM+SQ(LX)

SIG(LX) = SUMI(LX)

STEST = 10%#%10

DO 108 LX=1sN3NO

IF(SUM(LX) - STEST) 10891084226

WRITE(69317)

CALL EXIT

CONTINUE

DO 114 I=1,NODE
EEP(3#]=2)=(SUM(3%*]=2)-GNU*SUM(3%]=1))/E
EEP(3%#]=1)=(SUM(3#1-1)-GNU*SUM(3%1=-2))/E

FEP(3%I)= 2,0% (le+ GNU) * SUM(3%1) /E

DO 115 J=1sN3NO

STR{J) = EP(J) + EEP(J) :

0.0
0

THE TEST FOR PERFECT PLASTICITY
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308

308
IR §

| vt —— v et -

IF ( ZFL ) 35,3636

‘DO 111 I=1sNODE

IF (UCI)) 11191114227

TIF (KLU) 1119228,111

IF (CSM(T1) - 140) 230+229.230

CFLOW= (APH(3%]-2)~RBAPH(3%]—-2) ) *¥*2—(APH(3#]-2)-BAPH(3%1=2))*#(APH(3%*]
=1)=BAPH(3%1~1))+ (APH(3%]~1)-BAPH(3%]-1))¥*%2+(3,0% (APH(3%])=BAPH(3

®#1))Re2)

IF (ZFL =~ FLOW) 229492295111
CSM(1) = 1.0

IA=s1A+1

" NNPP(IA)=1

CONTINUE

IF ( PM/XLB = 160 ) 23192324232

IF ( K9 = KK ) 233+235,233
K9sK9+1

GO TO 83

KTRANS=2

WRITE(69301)

"WRITE(69302)

WRITE(69300)(JsSUM (3%J=2)sSUM (3%J=1)sSUM (3%J)+J=1,NODE)
DO 113 I=1sNODE

A=l

IF (W(I)-A) 11342344113

 WRITE(69314)

WRITE(6+315) 1,CSM(T)sDLAMIT) sDMEW(T)

WRITE(69306)

WRITE (69305) DAPH(3%1-2)sDAPH(3%1=1)sDAPH(3%1)sDEP(3%]=2)sDEP (3¥]
~1)sDEP(3%]) . o
WRITE(69307)

_WRITE (65305) APH(3%1-2),APH(3%1~1),APH(3%1),EP(3%1-2)y EP(3%I-1),

TEP(3%1)

WRITE(69316)

WRITE (6+305) STR(3%1-2)sSTR(3%#1=1)sSTR(3%]),EEP(3%#]=2)EEP(3%[-1
YoEEP(3%])

CONTINUE

- K9=K9+1

KKeKK+INT

GO TO (83442) » KTRANS

IF (NRSTRT) 669664236

WRITE(10) APHyBAsBAPHCAsCSMyDAPHIDEP sDLAMsDMEWsDSUMSEEPyEP9EL19E2
E9 oL yNEC sNNPPsPSIMsSIGsSIJ9SIMsSQsSTReSUMIU W YCE9ZMTRX s
IAVAILs INTs IRECsKLUSMCOL yNCOMP s NODE sPMsPCRIT9SIGO9sT 92y

: ZFLsDEPMySsTEST sGeMCOUNT sGNUE D

REWIND 10

REWIND 9

PAUSE 2

CALL EXIT

FORMAT(1H 93XsI397X9sE16eB93X9E16e893XsEL1668)

FORMAT(/ 21Xs17H ELEMENT STRESSFSs / )

FORMAT(12HOELEMENT NOe s 7X s THSIGMA=X 14X s THSIGMA=Y 312X s THTAU=X»Y)

FORMAT(8XsE16e89s3XsE166e893XsE166893XsE16e893XsE16e893X9E1648)

FORMAT(1HO»9X s13HDELTA ALPHA-X»6X9»13HDELTA ALPHA-Ys6Xs12HDELTA GAM

=XY9»7Xs1OHDELTA EP=Xs9Xs10HDELTA EP-Ys9Xs12HDELTA GAM=XY)

FORMAT(1HO »9X s 11HTOT ALPHA=X98Xs11HTOT ALPHA=Ys8Xs12HTOT ALPHA=XY)

7X912HPLASTIC EP=X9s7X9s12HPLASTIC EP=Ys7X914HPLASTIC GAM=XY)

FORMAT(20X»17HRESIDUAL STRESSESs41Xs16HRESIDUAL STRAINS)

FORMAT(SHOELEMENTséX’lHXo18X91HY918X92HXY’23X91HX’18X91HY018X02HXY

)
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310 _FORMAT(1H09TZv3El9-8.3X»3E19.8)

311 FORMAT(19H1ALL OUT OF COLUMNS)

312 FORMAT (1HO » 22HUNLOADING CYCLE BEGINS)

313 FORMAT(1HO(T10+8E1546))

314 FORMAT(13HO ELEMENT NO.’9X91HC017X’7HDLAMBDA’16X’3HDMU)

315 FORMAT(SX;IZ;SXgEIé.G95X-E160895X,E16.8)

316 FORMAT(1HO»10X910HSTRAIN - X99X9»10HSTRAIN = Y9X911HSTRAIN = XYsTX
9 12HELASTIC EP=X97X3s12HELASTIC EP~Ys7Xs14HELASTIC GAM=XY)

317 FORMAT(IHOQBQHTHE NODAL STRESSES ARE TOO BIG)

319 FORMAT(154E1547)

320

321

FORMAT (6H1INPUT  / 7X53HINT$11X’4HSIGO$14X;lHE,13X92HNU,11XO4HDELP’
14X91HD9»14X91HT s 10X 9 SHRMXLD)

FORMAT(1HO(110+8E1546))
322 FORMAT(5110)
323 FORMAT(5E15,.7)
324 FORMAT(5E1547412+13)
325 FORMAT(17HO LOAD LEVEL P =9F10409)
326 » FORMAT(14HO DETERMINANT=3E1648) ’

END

———;—~—_SUBROUILNE_SEIAEELNUN1T-NEJIFl

DATA SIGNAL /0111111111111 / , -
REWIND_9 i

NSET=NFILE-1
IF(NSET)34344

4 DO 1 I=14NSET
2 READ (9) X
IF(X-SIGNAL)2s 142
1 CONTINUE
3 RETURN
END
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INCREM L
SUBROUTINE
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
NDIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
COMMON AP
COMMON DE
COMMON EP
COMMON NE
COMMON S
COMMON

SUM

SUBROUTINE INCREM

ISTsREF
INCREM
APH(165)
BA(6&0)
BAPH(165)
CA(3+3)
CSM(5%)
DAPHI(165)
DEP(165)
DLAM(55)
DMEW(55)
DSUM(165)
EEP(165)
EP(165)
E1(55)
E2(55)
EQ(60)
L(61)
NEC(165)
NNPP (55 )
PSIM(60)
SIG(165)
SIJ(165+60)
SIM(165)
SQ(165)
STR({165)
SUM(165)
U(55)
W(55)
YCE(55)
ZIMTRX(60+60)
H s BA
P DEPM
E9
NNPP
SIG
U

RAPH
DLAM
KOUNT
NODE
S1J

CA
DMEW
KLU
NP
SIM
YCE

. W w * @
€ W W € w o

’
’
C ’
’
’

N3NP=3*KOUNT

KT9=0

DO 102 J=1
N3=33%J
N2=N3-1
N1=N3-2

s NODE

IF(CSM{J)-140)102+103+102 »
E1(J)=((SUM (N2)=APH(N2))-(SUM (N1)=APH(N1))/240)/((SUM (N1)=APH(N

1))=-(SUM (

E2(J)=(3,0%(SUM

2))/240)
KT9=KT9+1
CONTINUE
NRW=3#KTS

N2)-APH(N2))/240)
(N3)-APH(N3)))/({(SUM

CSM
DSUM

N3NO
sQ
ZMTRX

* € W v

{N1)=APH(N1))~(SUM

DAPH
EEP
MCOL
PSIM
STR

(N2)=APHI(N

\
; $ IBFT C
103
1
I 1
102
I 104
I C

NTOT=N3NP+NRW

DO 104 I=1sNP

EG(1)=0.0

PSIM(1)=0.0

DO 1C4 JU=1,4NP
IMTRX(1sJ)=0e0

FORMATION OF THE PSIM MATRIX
MK=1

DO 1 I=1.NODE
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w N

101

100

105

12

—

IF (W(I)) 1912 l
IF (CSM{I)=140) 35153

L1=3%1-2 l
PSIM(MK)=SIM(L1)*DEPM !
PSIM(MK+1)=STM(L1+1) *DEPM

PSIM(MK+2)=SIM(L1+2) *DFPM i
MK =MK+3

CONTINUE

DO 100 I=1sNODE

IF (CSM({I)=140) 10051015100 I
L1=3%1=2

PSIM(MK)=SIM(L1)*DEPM

PSIMIMK+1)=SIM(L1+1)*DEPM l
PSIM(MK+2)=SIM(L1+2) *DFPM

MK =MK+3

CONTINUE l
IF(KLU)165105416

FORMATION OF THE 7z MATRIX (UPPER LEFT)

NQ=1

DO 4 J=1sNODE I
IF (W(J)) Losbs5

IF (CSM(J)=140) 69bs6

L2=3%J=2 l
L3=L2+1

La=l2+2

KY=NEC(L2)

D=(540%(SUM(L2)=APH(L2))%*%2 —8.0*(SUM(L2)-APH(L2))*(SUM(LB)—APH(g
3))4+5e0% (SUM(L3)=APH(L3) ) %%¥? +3640% (SUM(L4)=APH(L&4))*%*2 )/ (4e0%

SM(J))

CA(191)=((SUM(L2)~APH(L2))~e5%(SUM(L3)—-APH(L3)))**2/D
CA(2+2)=((SUMIL3)-APHI(L3))=¢5*(SUM(L2)=-APHI(L2)))*¥2/D
CA(393)=(340%(SUM(LL)=APH(L4)))**2/D
CA(192)=(((SUMIL2)=APHI(L2))=¢5% (SUM(L3)—-APHI(L3)))*((SUM(L3)-APH(L
) )=eS5*¥(SUM(L2)~-APHI(L2)))) /D

CA(193)=(((SUMIL2)=APHI(L2))—e5% (SUM(L3)=APH(L3)))*(3,0%(SUM(L4)-AP

H(L&)))) /D
CA(2+1)=CA(1+2) l
CA(293)=(((SUM(L3)=APHI(L3))—e5% (SUM(L2)=APH(L2)))*(3,0%(SUM(L&)-AF
H(L&4)))) /D

CA(351)=CA(1s3) 1
CA(352)=CA(2+3) \
DO 7 NZ=1,3

K6=0 1

DO 8 K=1sN3NO \

IX=(K-1)/3+1

IF (W{IX)) 8498499

IF (CSM(IX)=140) 10+8910
$9=060

Ké6=zK6+1

KY=NEC(L2)

DO 11 KK=1+3
$9=5S9+STJ(KeKY)*CA(KKINZ)
KY=KY+1

IMTRX (K6 sNQ)=-140%59
CONTINUE

NQ=NQ+1

CONTINUE

CONTINUE

DO 12 1Y=1eN3NP

ZMTRX(IY 9IY)=1O0+ZMTRX{(IYsIY)
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-

14

16

19

21

20

18

65
17

22

23

26

FORMATION OF THE Z MATRIX
DO 14 I=14MODE
IF(CSM(1)-1e0)14+16914
CONTINUE

GO TO 38

NRW=3#KT9

NAM=N3NP~NRW

NQ=1

MZ=1

DO 17 L5=1sNRWs3
M22=NNPP (MZ)

BA(LS)=1.0
BA(LS5+1)=E1(M22)
BA(LS5+2)=E2(M22)

NX=0

DO 18 I=1sN3NO
IX=(I-1)/3+1

IF (CSM(IX)=1,0) 18+19,418
NZ=1

CQ=0.0

DO 20 LY=1sN3NO
J=(LY=-1)/3+1

IF (CSM({J)=1e0) 20921420
KZ=NEC(LY)
CQ=CQ+STJ(IsKZI%*¥BA(NZ)
NZ=NZ+1

CONTINUE

NX=NX+1

N1=NX+N3NP

N2=NQ+N3NP
ZMTRX(N1sN2)=~CQ
CONTINUE

NQ=NQ+3

DO 65 J3=1sNRW
BA(J3)=0.0

MZ=MZ+1

MB=1 4

DO 22 KRW=1sNRWs3
M23=NNPP (MB)
MRW=KRW+N3NP

ZMTRX (MRW+1 sMRW+1)=1460
IMTRX{MRW+2 ¢sMRW+2)=140
IMTRX(MRWsMRW+1)=~-E1(M23)
ZMTRX (MRW yMRW+2)=-FE2(M23)
MB=MB+1

(LOWER RIGHT)

FORMATION OF Z MATRIX (UPPER RIGHT)

NQ=1

MZ=1

DC 23 J3=1sNRW
BA(J3)=0.0

DO 24 L7=1sNRW»s3
M22=NNPP (MZ)

RA(L7)=140
BA(L7+1)=E1(M22)
BA(L7+2)=E2(M22)

NX=0

DO 25 I=1sN3NO
IX=(I-1)/3+1
ITF(W({IX))25925926
IF(CSM{IX)1=140)27+25427
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27

28

25
30

24

32
33

36

37

35

34
31

38

[

NZ=1

CQ-’-0.0

PO 28 LY=13N3NO

J=(LY=-1)/3+1

IF(CSM(J)=140)28+29+28

KZ=NFC(LY)

CQ=CQ+SIJ(T4KZ)*BA(NZ)

NZ=NZ+1

CONTINUE

NX=NX+1

N2=NQ+N3NP

IMTRX(NX s N2 )==CQ

CONTINUE

NQ=NQ+3

DO 30 J3=19sNRW

BA(J3)=0.0

MZ=MZ+1

FORMATION OF Z MATRIX (LOWFR LEFT)

NQ=1

DO 31 J=1.NODE

IFIW(J))31931432

IFI(CSM{J)-1e0)33931+33

L2=3%#J=2

L3=L2+]

La=L2+2

KZ=NEC(L2)

D=(50%(SUM(L2)=APH(L2))%%¥2 ~84,0%({SUM(L2)~-APH(L2))*(SUM(L3)=APHI(L
3))+560% (SUMIL3)=APH(L3) ) #¥%2 +36,0%¥(SUM(L4)-APHI(L4) ) **2 )/ (4 40%C
SM(J))
CA(ls1)=((SUM(L2)=APHI(L2))=e5*(SUM(L3)-APHI{L3)))*%¥2/D

CA(292)=((SUM(L3)-APH(L3))=e5%(SUM(L2)-APH(L2)))**¥2/D
CA(393)=(3.0%¥(SUM(LA)—-APHI(L4)))*3%2/D
CA(192)=(((SUM(L2)=APHI(L2))=e5%(SUM(L3)~APHI(L3)))*((SUM(L3)=-APH(L3
) )=« 5#(SUMIL2)-APH(L2)))) /D

CA(193)=( ((SUM(L2)=APHI(L2))=a5% (SUM(L3)=APHI(L3)))*(3,0%{SUM(L4)=AP
H{L4))))/D

CA(233)=(((SUM(L3)=APHI(L3))—e5%(SUM(L2)-APH(L2)))*¥(3,0%(SUM(L4)~-AP
H(L4))))/D
CA(2+1)=CA(142)
CA(351)=CA(1+3)
CA(342)=CA(243)

DO 34 NZ=1+3

Ké=0

DO 35 I=1sN3NO
IX=(I-1)/3+1
IF{CSM(IX)=1e0)35936435
CQ=0,0

K6=K6+1

KZ=NEC(L2)

DO 37 KK=1s3
CQuCQ+SIU(]4KZ)*CA(KKNZ)
KZ=KZ+1

N3zK6+N3NP
ZMTRX (N3 4NQ)=-CQ
CONTINUF

NQ=NQ+1

CONTINUE

CONTINUE

SOLUTION OF THE SIMULTANFOUS LINEAR EQUATIONS
S=0.0

62




" SN - N Y .

Uy I U S WS aa Y W W T NS e

39
40
42

43
41

o AR

44

48

47

50

49
56

57

63

53
64

55
66

54

52

M=IMEQF (NP sNTOTs1 s ZMTRX 9P SIM,
IF(M=2)41 940439

WRITE (6442)

CALL EXIT

WRITE (6+43)

CALL EXIT

FORMAT(18H ZMTRX IS SINGULAR)
FORMAT(9H OVERFLOW)

MN=1

PO 44 K=14sNODE
IF(W(K))L4944 445
TFICSM(K)—140)46944946
DSUM(3%¥K=2)=ZMTRX (MNy 1)
NSUM(3#K=1)=ZMTRX (MN+1s1)
DSUM(3%K ) =ZMTRX(MN+241)
MN=MN+13

CONTINUE

NO 47 K=1sNODF
IF(CSM(K)=140)47 948947
DEP(3#K=2)=ZMTRX (MNs1)
DSUM(3%¥K=1)=ZMTRX (MN+1s1)
DSUM(3%K)=ZMTRX{MN+241)
MN=MN+2

CONTINUE

DO 49 I=1sNODE
IF(CSM(1)~160)49950449
1C=1

S»E9)

DEP(3#I1C-1)=E1(IC)*DEP(3%1(~2)

DEP(3*IC)=E2(IC)*DEP(3%1C-2)

FP3#IC=2)=EP(3*[C=2)+DEP(3*IC-2)
EP(3#IC~1)=EP(3*%IC-1)+DEP(3*#IC-1)

EP(3#IC)=EP(3*IC)+DEP(3%1C)
CONTINUE

DO 56 1=1,,NODE
IF(CSM(I)~-140)56957+56
CONTINUE

GO TO 58

DO 63 I=16NP
PSIM(1)=0,0

FO(I)=060

DO 63 J=1sNP
ZMTRX(T9J)=0460
Q=5247288,0

Q=1.0/Q

NR=1

DO 52 I=14N3NO

NC=1

IX=(1I-1)/3+1
IF(CSM(IX)~140)52953452
IF(SUMIT)) 64452464

DO 54 J=14N3NO
IX=(J=1)/3+1
IF(CSM(JUX)1=1e60)54 455454
IF{SUM(J)) 66954466
KX=NEC(J)
ZMTRX(NRsNC)I=STJ(TsKX)*Q
NC=NC+1

CONTINUE

NR=NR+1

CONTINUE
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89
61
60
62
58

NRW1=NR-1

S=1e0 _
M=IMEQF (NP sNRW19s1+sZMTRXsPSIMsSsE9)
IF(M=2)58459460

WRITE (6461)

FORMATI(5H QVER)

WRITE (64+62)

FORMAT(19H NWMTRX IS SINGULAR)
CONTINUE

RETURN

END
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S

61

6?

63

W N =

STREPP

STREPP PROGRAM
LISTSREF

STRESS METHOD - PREDICTOR PROCEDURE

DIMENSION
DIMENSION
DIMENSION
NIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
NIMENSION
DIMENSION
NIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
NIMENSION
NIMENSTION
NTMENSION
NTMFNSTON
NIMFNSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
COMMON CA
COMMON N3
COMMON ST
COMMON
COMMON  YC
COMMON
COMMON

PAUSE 1
REWIND 9

READ(54319)

XLB=RMLDX
IF(IRSTRT)
READ(11)

NP=MCOL

N3ANO=NCOMP

KK=INT
IREC=0
K=KK
N=1

NFEC

SMC
NCOUNT
EQUIVALENCE

APH(165)
BA(60)
BAPH(165)
CA(604960)
CAPH(165)
CSM(55)
DEP(165%)
DLAM(55)
DMEW(55)
DSUM(165)
F1(5%)
£2(55)
E9(60)
EP(165)
L(165)
NEC(165)
NNPP(55)
SIM(165)
STJ(165460)
SMC(60)
SMC3(60)
SQ{165%)
SUM(165)
SUM1(165)
X(60)
YCE(55)
U(s55)

NO
M

NODE

SIJ

U

DLAM
E9s IN

CAPH

(CA9X)

MCOL

s CSM
DEP ’

’

’

SUM1
sQ
SUM

- w »

FP

DMEW
y XLR
BA y S

E ’
SMC3

w —{ e @ w w

IRSTRT sRMLDX

60960461

- w v

APH
NNPP
ND&IM
£l

NP

- v @ 9

DFPM

BAPH
E2

KLU

APH 9 A g BAPHsCA9CAPHCSMeDEP yDLAMIDMEW 4DSIUMeF1 gF2 4 FOoFP 4L o

NECYNNPP 9 SIMsSTJsSMCsSMC39SQsSUMISUML X  UsD9ESGNU

TAVATL s INT 9 IRECsKLUIMCOL s NCOMP yNODE ¢PMyPCRIT9STIGN T o7y
LFL sDEPMySsTEST9yGIMCOUNT s YCE

WRITE(6+320)
WRITE(69321) INTsSIGOsEsGNUIDEPMsDsTsXLRB
TFIXLR/PM =140)62462463
KTRANS=2
GO TO 232
KTRANS=1
67



GO TO 232

READ(59322) NODE sNCOMP sMCOL s INT
K TRANS=1

N3NO=NCOMP

NP =MCOL

READ(54323) SIGOEsGNUSZEL

N=0

CALL SETAPE (9+2)

RFAD (9)(SIM(T)sI=1sN3NO)

90

9]

82

93
40

94

65

98

RFWIND 9
ALPH=0,

PO G0 I=1sNONDE
APH(3%]1-2)=ALPH
APH(3%I1-1)=ALPH
IAVAIL=1

IREC=0

DO 91 K=1sNODF
UK)Y=0,

DLAM(K)=0,
PDMFW(K)=04
YCF(K)=0,

MCPL 1 =MCOL+1
DO 92 I=1sMCPL]
L(I)=0

DO 93 J=1,sN3NO
APH{J)=0,
RAPH(J)=0.
DEP(J)=04
NPSUM(J)=0.
FP({J) =0,
SQ(JY=0,
SUM(J) =0
NFC(J)=0
TFST=0,

pM:OoO

K=1

NO 94 I=1.NONF
NNPP(T1)=0
CSM(1)1=0,40

NFP(3#]=-21=060
NFP(3%]=1)=060
NEP(2%])=20,0
(T Y=0.

IF(N)65+65966
N=1

READ(59324) PMA9DFPMeDs Ty XLRyKLYINRSTRT

N2=D/SQRT(3e0)
WRITE(6+320)

WRITE(69313) INT9sSIGOsEsGNUDEPMsDs T XLB

N0 95 J=1,sNODE
N3=3%J

N?2=N3~-1

N1=N3-2
71G2=SIM(N1)*PMA
71G3=SIM(N2)#PMA
71G4=SIM(N3)*PMA

YCF(J)=((Z1G2~ALPH) #%2)=((21G2=ALPH)#(Z1G3—-ALPH) )+ ((ZIG3-ALPH)**2)

+(340#(Z21G4%*2))
R=0e0
DO 96 I=14NODE




96

97
20

68

67

70

69

66

34
116

31

118
117

124

73

12

98

—

W N

R=AMAXI1{(YCE(I)sR)

NO 97 I=1,NODE

TF(YCE(I)-R)Y97+20+97

CONTINUE

N1=T

Uiry=1I

IF{KLU)YET 467968

CeM(I)=1.

MNPP(1)=1 :

R==160#( (((ALPH=-SQ(3#N1=-2))%#(240%SIM(3*N1=2)=SIM(3%*¥N1=1)))+( (ALPH=-
SQE3*NI=1) ) *(260*¥SIM(3H¥N]TI=1)=SIM(3#N]T1=2)) )+ {6eD¥SIM(IHN] ) ¥ (=140%5Q
(3#N1))) )/ ((SIMI3#NI=-2)#%#2)=(SIM(3%NT1~2)#SIM(3%¥N1=1))+(SIM(3%N1=1)
#H2)+ (36 0¥ (SIM(3%NL)¥%2) ) ) )

Cl=( (ALPH=SQ(3%N1-2))#*%¥2+ (ALPH=SQ(3#N1-1))##2~(ALPH-SQ(3#N1-1))%*(A
LPH=SQI3%#¥N1=2))+340%(~160%#SQ(3¥N1))*%2=STGO**2)/( (SIM(3%N]=2)%#%D )~
((SIMI3¥N]1I=2))*(STMI3*NI=1)))+(SIM(3XNT=1)#%2)+ (34 0¥SIM(3%ENTL ) *%2))
TF(PMA)6S 60470

PCRIT=((~1e#B)+SQRT(R#*#2-44,0%*C1)) /26N

GO 70 71

PCRIT=((=]1e#¥R)=SQRT(R*¥#2~440%C1)) /2"

GO 170 71

READ(59324) PMASDEPMsDsT 9 XLBsKLUSNRSTRT

GO TO (32434) sKTRANS

PO 116 11=14N2NO

RAPHI{TITI)= APHI(IT)

PO 117 1=1sN3NO

CSG= 040

DO 118 J=1sN3NO

NT=(J-1)/3+1

TF(UINT))314118931

KQ=NFEC(J)

SG=SG+ SITJ{I+KQ)Y¥EP(J)

CONTINUE

SQ(I1)Y=5G

DO 124 IK=14NODE

CSM(IK)=0.

H(IK)=0s

NNPP({1IK)=0

MCOUNT=0

KTRANS = 1

K = KK

N=1

IF(PMA)YT72473472

REWIND 9

DALISF 2

CALL EXIT

WRITE(69312)

WRITE(69320)

WRITE(694313) INTsSIGOSEsGNUUSDEPMsDs T 9 XLB

PO 38 I=14sNODF

N3=3#]

N?2=N3-]

N1=N3=-?2

SIG1=SIM(N]1)#PMA+SQ(N1)

STG2=SIM(N2)*¥PMA+SQ(N2)

S1A3=SIM(IN3)*¥PMA+SQ(N3)

RAPH1I=APH({N1)

RAPH2=APH(N?)

RAPH3=APH(N3)
YCE(I)=((SIG2-RAPH2)##2)=((S1G2=-BAPH2) ¥ (SIG1-RAPH1))I+((SIG1-BAPH1)
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1 #%2)+ (36 0¥ ( (STG3-RAPHI ) *¥%2) )
P.:’).O
NO 99 1=1,,NODF
99 R=AMAXL1(YCE (I)sR)
NO 100 1=1sNODF
TELYOE(TY=RY1IAN; 745100
100 CONTINNE
T4 MY=T
ey =1
TF(KLINTE TR e76
76 ceM(I)=1.
MNPP(1)=1
75 N2 =3#N]
N3=N?-1
Ng=N2=2
PAPH1=APHI(N4)
NAPH2=APHI(N3)
RAPH3=APH(NZ2)
Rz=T4N%( ( ((RAPH] SO (3ENT=2) ) #(240*¥CIM(3%#N] -2 )=CIM(3#N1=1)))+((BAP
H? -QQ(B*NI—I))*(?.O*QIM(B*N]-l)—SIM(E*Nl—Z)))+(6.0*QIM(?*N1)*(DAD
3 —QQ(B*NI))))/((GIM(?*N1—7)**2)-(SIM(3*N]—7)%QIM(B*Nl-l))+(QIM(?
3 HNTI=1)*#*D )+ (3408 (SIM(3#N])RX2))))
Cl=(((RAPH1 =SQ{(3¥N1=-2))*%*2+(BAPH2 ~SQ(3%#N1~1))¥#*2)~( (RAPH2 =SQ(73%

N

1 N1-1))*(BAPHL =SO(3%¥N1=2)))+((340#(RAPH3 =SQ(2#N1))*#2)=S1GO**2 ))
2 JOUSTIM(3RNT =2 ) ¥#2 )= ( (STM(3#N1=2) )% (SIMI2¥N1=1)) )+ (SIM(3%#N1=1)*%2)+
3 (360%SIM(3¥NT)#*#2)) 1
IF(PMA)T77+77+78
78 PCRIT=((=1e#FR)+GORT (KX %2=LoN%*C1)) /240
GO TO 71
77 PCRIT=((=1e%R)=SQRT (3% 2=44N*C1)) /24N 1
71 TF(PCRIT/PMA) 79480480
80 [F(TFST) 79479481
"1 WRITF (Ay3N8) 1

WRITF(64309)

nO 101 J=1sNODF

RECTI=(SQ(3%J=-2)-GNU*SQ{3%J=1)) /E+EP(3%#J=-2)

REST2=(SQ(3#J-1)-GNU*SQ(3%J-2)) /E+EP (33#J=1)

REQT322,03(140+GNII*SQ{3%J) /E+EP(33]))

WRITF(6s317) JeSQ(3%J=1) 9SG (3%J=1)sS0(3%J) sRESTISREST24RFST3
101 CONTTNUF

79 TF(XLR)41s73941
41 TFST=1."
PM=PFRIT

PO 102 J=14N3ANO
CHM(J)=STM(J) #PM+SQ( J)

AN(JrI=0NeN
102 SUM1(J)Y=5UM(J)
7=S1GO*#2
=F/3.0
R3 PM=PM+NDEPM
IF(ARS(PM/DEPM) = 140185485486
Qe K =KK
R4 NCOUNT=N
Ta=0
TEIKLUIBT 4RT4 2?0
Q7 PO 1072 [=1,NONF
TEINNPP(TI))2241N3,22
1072 CONTINMNUF

CALCe NODAL STRESSES FROM INPUT MATRICES SIM AND SIG
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23

104

200
202
203

207
120

205

121
206

201
106
105

24
107
204

22

25
108

2na
210

26

J=1

DO 104 I=1sNONE

TELULTY) 2341044273
J7=3%1-2

1IB=J7+1

J9=J7+2

LiJ)y=J7

L(J+1)=U8

LiJ+2)=J9

J=J+3

CONTINUE

L(J)=999

N 108 J=14sN3NO

€G=060

NO 106 I=1sMCOL

TI=L(T)
TF(L(T)=999)2004+10549200
TFINFC(IT))201+202+201
[FITAVATL=MCOL)?203920342n4
TI11=11=-1=-1RFC
TF(TIIT)20542064207

NO 120 JJ=1,4111

RFAPR (9)

G0 TO 2C6

TI1I=(-1)%1I1T1

PO 121 JJ=1,s111

RACKECPDACFE Q

READ (9) (STJ(JJsTAVAIL) »JJU=1sN3NO)
IRFC=11

NFCTTI)=TAVATL
TAVATIL=TAVAIL+]

~0 TO 200

NN=NEC(II)
SG=SG+SIJ(JINNI*DEP(I1)
SQ(J)=5G

STEST=10#%#%#10

DO 107 LX=14N3NO

PSUMILX) =SQ(LX)+SIMILX)*¥DEPM
SUMLT (LX) =SUMI(LX)+DSUM(LX)
IF(SUMLIILX)=STEST)1NT7+107924
WRITE(69217)

CALL FXIT

CONTINUE

GO TO 199

WRITF(69311)

CALL FXIT

"O 108 TN=14NODE
TE(U(IN))254108425
NCO'NT=NCOUNT +1
CONTINUE
ITFINCOUNT=-MCOUNT)2085209,208
MCOUNT=NCOUNT

J=1

PO 109 I=1,4,NONF
TFLUCTI)) 269109926
J7=3%#] =2

J8=3#]=]

JOo=3#]

L(J)=J7
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106

211
214
215

218
122

121
217

2113
110
209

27

199

?8

220

221
223

2272

| (J+1)=U8
L{J+2)=J9
d=J+72
CONTINUE
L (J)=999
N 110 T=15sMCOL

Tr=L(1)

TF(LIT)I=999) 21192094211
TEFINFC(TIT))213921492773
TF(IAVAIL=-MCOL)2159215+204
1T11=11-1-1IRFC
TF(I11)2169217+218

NOO122 JJd=1eT11

RFAD (9)

~0 TN 217

TIT=(=1)%T111

nO 123 JJ=1eT11

FACYSPACF Q

PEAD (9) (STJ(JJsTAVATIL) »JJ=19N3NO)
TRFC=11

NFCITI)=TAVAIL
TAVAIL=TAVATL+1

GO TO 211

NN=NFC(I1)

CONTINUF

CALL PPR

CTFST=10%#%10

PO 111 JX=14N3NO
TE(SUMY(UX)=STFSTY1119111727
WRITF(69317)

cCALL FXIT

CONTINUE

COMPUTF YIELD CONNDITION EQUATION

NO 112 I=1sNODF

IF(CSM(TI)=14)789112s28

N3=3%]

N2=N3-1

N1 =N3=-2
YCF(I)=((9UM](N])—APH(NI))**?)-((SUMl(Nl)‘ADH(Nl))*(QUMl(N7)—ADH(N
2)))+((SUMI(N?)-ADH(NZ)}**7)+300*((QUMI(NB)—APH(N3))**?)

YIELD CONDITION EQUATION TEST

TF(YCE(T)=2)112+220+220

b(ly=1

IF(CSM(T)=140)22191124221

TF(KLUY2229722742273

CeM(1)=1.

GO TO 112

C1=TH*({ (ARS(SUMI(3%#[=2)=BAPH(3%[=2))/D)**#(T=-1,0))/D
§2=T*( (ARS(SUMI(3#I=1)=RAPH(3*[=1))/D)#*(T=1,0))/D
S3=T#( (ARG (SUML(3*[)=RAPH(3%])) /D2)*#(T=1,0))/D2
O71G=C0RT(((StM] (N2)=APH(N2) )%*#2)+( (S1M](N1)=APHI(NMN]) yr%2 )+ ( ( SHIM]
(N3)=APH (N3))#3t2))

V1=(SUM1(N1)-APH(INT) Y/QZ21G
V2=(SUM1(N2)=APH(NZ2) Y/Q21G
V3=({SUMI (N3 )=APHIN3)) /U7 ]G
C=((V1#%¥2)#G1 )+ (V2HX2)#S2)+( (VI*H2)*#52)
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224
226

227

2?78
m C
I c
C
c
c
C
I .
I c
I 2725
1112
I 29
l 114

—

—

CSM{T1y)y=C

NSUM(NT ) =SUML (N1)-SUM(NT)

DSUMIND? ) =SUMT (N2 )-SUM(NZ)

DEUMIN3) =SUMT (N3 ) -SUMIN3)

CONTIMNUZE

NO 112 1=1+NODE

NN=3*1]

NNN=NN=1

NNK=NN=2

TF(CSM(I)~-140)22644+225472¢4

TF(YCE(I)~2)22692279227

NEP(NMNK)=040

NDFP(NNN)=0e0

NDFP(NN)Y=0.0

0 70 113

F=( ( (SUM{NNK)=APH (NNY )} X (DSUMNNK) = (DSUMINNM) ) /260) )+ (SUMINNN)~ADP
HONNNY ) # (DSUM (NNN) = (DSUM(MNK) ) /260) )+ (36 0% (SUMINN) ~APH (NA) ) * (D SUIM(
NMYY M)
PLAMIT)=(2e0%¥CSMIT Y)Y RF/((5eN* (SUMINNK) =APH{NNK) }®%2) = (840%( SUY(NNK
) =APH(NNK )} ) ¥* ( SUMINNN) =APH(NNN) ) )+{(540% ( SUMINNNMN) =APH(NNN) ) *#2)+(36
s 0¥ {SUM(NN) =APH(NN) ) #%2))

DMEW(T)=F/ (L CSUMINNK) =APHINNKC) )#%2 )= ( { SUMINNK ) =APH(NNK) ) * ( SUMINNN)
~APHINNN) ) )+ (SUMINNN) =APH(NNN) ) #*¥2 )+ (34 0% (SUMINN) =APH(NN) ) #%2) )
IF(DLAMIT))?2692769228

COMPUTE THE DFLTA FPSTLONS

NED(NNK) =24 0% ( ( SUM(NMK ) —APH (NNK ) )= SUM(NNN) =ADH (NNN) ) /2 40) %D AM( )
DEP(NNN)=240%( { SUMINNN)=APH({NNN) )= SUMINNK) =APH{NNK) ) /2+0)#DLAM(T)
DEFP(NN)=6¢0%¥ { (SIIM{INN)—APH(NN) Y ) ¥DLAMA{T)

COMPITF THE NDFLTA ALPHAS

NDAPHI={ SUMINNK)=APH(NNKY) )#DMEW(T)
DAPHZ2=(SUMINNN)=APH(NNN) ) *DMEW(T)
NAPH2=( SUM(NN)=APH(NN) ) ¥DMEY ()

CALCULATE ALPHA SUMS

APH (NNK) =APH(NNK)+DAPH]
APH(NNN)=APH{NNN)+DAPH?2
APH (NN) =APH(NN)+DAPH3

CALCULATE EPSILON SUMS

FP{NNK)=FEP (NNK)+DFP (NNK)
FP{NNN)=EP{NNN)+DEP (NNN)
FRPINN)=FEP (NN)+DFP (NN)
SIM(MNK ) =SUUMT (NNK )
SUMNNN) =SUMT (NNN)
SUM{NN) =SUIM] (NN)
CONTINUF
NO 1714 J=1 +NONF
NR=23¢ )
N?=N3-1
N1=N3=-2
TFIUCT))1144299114
SUM(NT)=SUUMTI(N])
QL M{N2)=SUM1(N?)

SUM(IN3)=SUM1(N3)
CONTINYE
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2A

2?9
230

231

115

15
232
234

233
228

2?2

4?2
L4

—

N

THE TEST FOR PFRFECT PLASTICITY

TF ( 7FL ) 38,434,434

NO 115 I=1,NONF

TFIU(I))11591154229

TF(KLU)Y230+72309232) .
FLOW=(APH(3%]-2)-RAPH (3% =2 ) ) ¥# 2= (APH(2¥[=2) ~bAPH (3% =2) )% (APri( 3%]
=1)-RAPH(3%*I=1) )+ (APH(3%[~1)=BAPH(3#]~1) ) %%*¥2+(2,0%(APH(3#])=-5ADH(3
*#[))*%2)

IF(ZFL-FLOW)2314231,4115

CeM(I)=1.

TA=TA4]

NNPP(TA)=T

CONTINUE

TEF( PM/XLB = 1,40 ) 2224232347232

TF( K=KK ) 7234427354234

K=K+1
GN TN R13
KTRANS=?

WRITF(69325) PMy S
WRITF(69301)
WRITF(693N2)
WRITF{693)0) (Je ML (3%J=2) s SUMT (3% J=1) s SUMI (3% J) s =1 ¢NONE)
NO 119 T=14NONF
A=T
TEFOUHI)I=A)T19,422,41109
WRITF(6+314)
WRITF(69315) TsCSMIT)eNLAM(T) sDMFW(T)
WRITE(693C6)
N3=2%]
N2=N3=-1
N1=N3=-?
DAPHI={SUM{IN1)=-APHI(NT ) )*DMEW( )
DAPH?2=(SUMIN?)=APHIN? ) )®DMEW(])
NDAPH3I=(SIIM{N2)=APH(N3) }*NDMFW ()
WRITFE (643N5) DAPH1 «DAPH2 ¢yDAPHI 3DFP (N1 ) s 3FP{N2) 4N+ P (N3)
WRITF(64307) .
WRITF(66205) APH(NT) g APH({ND ) gAPH(N2) gFD(NT) 4FP(N?)4FD(N3)
WRITF(69316)
FFP1I=((SUMI(N1)=(SUMTI(N2))/3,0)/F)
FEP2=((SUML(N2)=(SUMI(N1))/3,0)/E)
FFP3=240%(SIIM1(N3))/F
STR1=EP(N1)+EEP1
STR2=FP(N2)+FFP?
STR3=FP(N3)+EFP3
WRITE (649305) STR19STR2sSTR3SEEPI+EEP2 9sEEPRPT
CONTINUE
K=K+1
KK=KK+INT
GO TO (83442) 9 KTRANS
TF(NRSTRT) 664966144
WRITF(10) APH4RAGNADH g A gCADHGCSMyNFD ¢N AMGNMEW 4NECIIMGF] ¢FD 4FQyFD,
LeNFCyNNPP g SIMyST )9y SMCeOMC3 43S0y UMy GIML s Xs  UsDeF sGNUY
TAVAIL s INT O IREC oKLUSMCOL s NCOMP 9y NONFE 4Py PCRIToSTIGNsT o7
ZFLsDFPM Qs TFQT 9 GaMTOIINT 9 YCF
REWIND 10
REWIND 9
PALICE o
CALL FXIT
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[4-- — TN U T N ED D EEw T

300
371
an?
305
306

307

308
209

210
211
212
2173
A4
315
216

317
319
327

321
322
323
224
325

FORMAT({1IH 96X s1302XsE16eB93XsE16e893X4F1648)
FORMAT(/ 21Xe17H FLFEMENT STREFSSESs / )
FORMAT(12HOELEMENT NOes 7TX 9 THSIGMA=X 314X ¢ THSIGMA=Y s 12X ¢ THTALI=X 4 V)
FORMAT(BX oE16e893XeFE16e8 93X sE16e893X9F16e8s3XsF16eaB92X9E1648)
FORMAT(1HO 99X s 13HDELTA ALPHA=X 96X s13HDFLTA ALPHA-=-Ys6Xs12HDELTA GAM
XY s TXs10HDFLTA EP=X99X s 10HDNELTA FP=Y 49X s12HDELTA GAM=XY)
FORMAT(1HO 99X s 11IHTOT ALPHA=X98Xs11HTOT ALPHA=Ys8Xs12HTOT ALPHA=XY,
TXe12HPLASTIC FP=Xoe7Xs12HPLASTIC EP=Y s 7TX 9 14HPLASTIC GAM=XY)
FORMAT (20X s 17THRESIDUAL STRESSFS41X916HRESIDUAL STRAINS)
FORMAT(BHOELEMENT 96X s 1HX 918X e 1HY 918X s 2HXY 423X 9 THX 918X s 1HY g 18X 9 PHXY
)
FORMAT(1HN 912 43F 1948 42X 92F19,8)
FORMAT(19HIALL OUT OF COLUMNS)
FORMAT (1THO s 22HUNLOADING CYCLF BFGINS)
FORMAT(1HN(I1048F1546))
FORMAT(13H0 ELEMENT NOes9Xs1HCs19X s THDLAM s 16X e 3HDMLU))
FORMATI(5X s I298XsE16e835X9E164895X9E1668)
FORMAT(1IHO s 10X s 1NHSTRAIN = XeIX s 1NHSTRAIN = Ys9Xs11HSTRAIN = XY 7X
s 12HELASTIC FP=X9s7Xes12HELASTIC EP=~Y e 7Xs14HELASTIC GAM=XY)
FORMAT(4T7HO ELFMEMNT STRESSES ARE TOO HI1Ge DISCONTINUE JOR)
FORMAT(I54E1547)
FORMAT(O6HIINPUT s/ TXs3HINT 911X s4HSIGO 14X s IHE 913X e 2HNU 911X 94HDELP
14X e THD 914X s 1HT e 10X e 5HRMXLD)
FORMAT(IHN{I10sR8E1545))
FORMAT(5T1")
FORMAT(5F15,47)
FORMAT(BE154T912413)
FORMAT(17HO LOAD LEVEL sP =9F10095Xs12HDETFERMINANT=4F16,8)

END

t

I

SUBROUTINE _SETAPE(NUNITsNEILE)

DATA SIGNAL /0111111111111 / ' .
REWIND_9 '

NSET=NFILE-1
IF(NSET)3s344

: 4 DO 1 I=14NSET
o — .2 . _READ_(9) X
F IF(X-SIGNAL)2s 192
1. CONI.INUVE _
3 RETURN
e END

|
|
I
|
|
|
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$ IRFT C

606

605

603

111

105

PPR L
SURROUTINF
NDIMFNSION
DIMENSION
DTMFNSTON
NIMFNSTON
DIMENSION
DIMENSION
DIMENSION
DIMENSION
NIMENSION
NIMENSION
NDIMENSION
NDIMENSTON
DIMENSION
DITMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMFNSION
NPTMENSTION
DIMFNSTION
NDIMENSION
NIMENSION
DIMENSION
NIMENSION
COMMON CA
COMMON N3
COMMON  SI
COMMON NE
COMMON YC
C OMMON
COMMON  NC

FQUIVALENCF

KOUNT=0
nO 605 J=1
N3=3% )
N2 =N3-1]
N1=N3-?

SMCs

SUBROUTINE PPR

ISTyRFF
PPR
APH(165)
RA(60)
RAPH(165)
CAL60460)
CAPH(165)
CSM(55)
DFP (165)
DLAM(55)
DMEW (55 )
DSUM(165)
E1(55)
F2(55)
£9(60)
EP(165)
L(165)
NEC(165)
NNPP (55)
SIM(165)
STJ(16560)
SMC (60 )
SMC3(60)
SO(165)
SUM(165)
SUM1(165)
X(60)
YCF(55)
uess)

NO ’
M ’
C ’
£ ’
SMC3
OUNT

s MCOL
sy DEP
s EP
DLAM s DMEW
F9e INTs XLR
CAPH s B3A s S
(CAsX)

CSM
SUM1
sSQ
SUM

I R

sNODF

TF(CSM({J)=-1401605+46069605
E1(J)=C(SUMLIIN2)~APH(N2))=(SUML(N1)=APH(N1))/240)/((SUMI(N1)=APH(N

1YY= (SUM1(

N2)=APH(N2))/2.0)

- o e »

APH
NNPP
DSUM
El

NP

v € @

DFPM

BAPH
2

KLU

F2(J)=(340% (SUML(N3)=APH(N3)) )/ ((SUM1(N1)=-APH(N1))=(SUM1(N2)=-APH (N

?1)/240)

KOUNT=KOUNT+1
CONTINUE

NRW=3#KOUNT
NCL=3#KOUNT

PO 602 T=14NRW

DO 603 J=1sNRW
CA(IsJ)=04,0
TF(KLU)1109111110
NY=1

PO 104 T=1sN3NO
J=(I1-1)/3+1

ITF{CSM{J) 110541044105
TFICSM(J)=1401104+106+104
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NN

1M04

108
109
107

104

110

701

700

7713

102

202

201

101

779
630

SMC2=0,4,0

PO 107 LY=14N3ND
J=(LY-1)/3+1
TF(CSM{J))}10851N07,108
IF(CSMIJ)=140)109,1079109
KW=NEC(LY)

SMCZ2=SMCZ+LTJ( T 9KW)*DEP(LY)
CONTINUE

SMC2(NY) =SM(C?

NY=NY+1 .
CONTINUF

FORMATION OF THF <IM COLUMN MATRIX

MK =]

RO 700 J=1sNODF
[FICSM(J)=140)70057015700
NAN=3%J=2
SMCIMK)=SIM(NAN)*#DEPM
SMCIMK+1)=5IM(NAN+1) #DFPM
SMC(MK+2)=SIM(NAN+2) #DFPM
MK =MK+13

CONTINUF

ADDITION OF THF SMC1 AND THE SM(3

NO 773 Kl=14NRW
SMC(K1)=SMC(KT1)+SMC2 (K1)
NQ=1

MZ=1

PO 630 L2=1¢NRWs?3
M22=NNPP (MZ)

RA(L?)=1,40
RA(L2+1)=E1(M22)
RA(LZ2+2)=F2(M22)

NX=1

XIDNT==740C

NO 101 I=1sN3NO
IX=(I-1)/3+1
ITF(CSMIIX)=140)10191029101
NZ=1

SMC4=0,0

DO 201 LY=14N3NO
J=(LY~-1)/3+1
IF{CSM(J)=140)2C1+2025201
KZ=NFC(LY)
SMC4=SMC4+STJU(I4KZ)*¥RA(NZ)
NZ=NZ+1

CONTINUE
CAINXINQ)==1e O*SMCL4# {10 N#*XIDNT)
NX=NX+1

CONTINUF

NQ=NQ+3

NO 779 J3=14NRW
RA{J3)=060

MZ=MZ+1

MR=1

NO 631 KRW=19NRWs3
M23=NNPP (MR

CA(KRW+1 sKRW+1)=1,0
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CA(KRW+2 yKRW+2)=1,40

CAIKRWsKRW+1)==140%F1(M23)

CACKRWIKRW+2)==1eO*F 2 (M23)
631 MR=MR+ 1]

SOLUTION OF THE SIMULTANFOUS LINEAR FQUATICNS

S=1.0
M=TMEQF (NP sNRWs19sCA»SMCs5+FE9)
GO TO (20+13415)9 M

13 WRITE (6418)
CALL FEXIT
18 FORMAT(9H OVERFLOW)
16 WRITF (6+19)
CALL EXIT
19 FORMAT(15H CA IS SINGULAR)
20 PO 250 K6=19NRWs?3
250 X{KE)=X(KE6E)# (106 O%*¥XIDNT)

DO 777 J3=14KOUNT

IC=NNPP(J13)

DEP(3#]IC=2)=X(3%J3-2)
DEP(3#IC=1)=E1(IC)*DERP(3#](C=~2)
DEP(3*IC)=FE2(IC)*¥NFP(3*]1C=2)
EP(3%IC=~2)=FEP(3%[C=2)+DFP(3%]1C~-2)
FR(3%#IC~=1)=FP(3%IC~=1)+NFP(3*]I(C~1)

777 EP(3#IC)=FP(3#IC)+DEP(3%*]1C)
NO 73 T=14N3INOD
SG=0,60

PO 74 J=14N3NO
N=(J=1)/3+1
IF (CSMINY) T7774,77

77 KQ=NEC(J)
SG=SG+STJ (I 4KQ)%DFP(J)

74 CONTINUE

73 SQ(ET)=56G

PO75 LX=15sN3NO
DSUMILX)=SQ (LX) +SIM(LX)*DNFPM
SUMI (LX) =SUM1(LX)+DSUMILX)
75 CONTINUE
RETURN
END
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$ IRFT C

62

63

STRAIN PROGRAM

STRAIN LISTsRFF

PAUSE 1

RFWIND 9

INTEGER UsW
COMMON ALPHA(165)
COMMON CSM(55)
COMMON DE{165)
COMMON DELP
COMMON DEP(165)
COMMON DSIG(165)
COMMON DSSI(165)
COMMON F(2,43)
COMMON E1

COMMON ET1(343)
COMMON GNU
COMMON KLU
COMMON McCOL
COMMON NCOMP
COMMON NEC(165)
COMMON NNPP(57)
COMMON NODE
COMMON NPND
COMMON SIGMA(165)
COMMON STJ(165+57)
COMMON SIM(165)
COMMON U(55)
COMMON W(55)

DIMENSION
DIMENSICN
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
NDIMENSION
DIMENSTON
DIMENSTON
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSTON

ALBAR(165)
ARG7(3)
CE(34+3)
DALPH(165)
DLAM(55)
DMU (55)
EF(165)
ELAS(165)
EP(165)
GIM(165)
L(99)
REST(165)
RHS(3)
SQ(165)
SS1(165)

CONST=1e0E+06
RFAD(593) IRSTRTsRMXLD
FORMAT(I5+E1567)
IF(IRSTRT) 60460461
CONTINUE
READ(11) ALBARJALPHASCSMeDsD19sDALPHSDESDEP sDELPsDLAMIDMUSDSIGeNSSI
sEsF1sEESEI 9 ELASEP 9GsGIMyGNUSGNUL s TAVAIL o INTIRECIKLUsL s
MCOL sNCOMP y NEC s NNPP ¢ NODE ¢ NPNDsP s PCRITSREST9SIGOsSIGMAST Y
9 SIMySMALLsSQesSSTsTolUsWeZeZFL

IREC = O
ICOUNT = INT

NCYCLE = 99

WRITE(692041)

WRITE(692022) INTs»SIGOSE]1sGNUDELP sDs T sRMXLD
IF(RMXLD/P - 140)629629673

KTRANS = 2
GO T0O 132
KTRANS = 1
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N

60

15

IN

200
1110

GO TO 132
CONTINUE
KTRANS = 1

READ (591 )NODE s NCOMP ¢MCOL » INT

ICOUNT = INT
FORMAT(5110)

READ(592) SIGOsE1sGNUsZFL
FORMAT(5E15e7+12913)
GNU1 = E1/(140-GNU**2)

F(1s1)= GNU1

F(1s2)= GNU*E(1s1)

F(193)= 060
F(291) E(l92)
Ft2s2) E(1s1)
E(293)= 0.0
E(3s1)= 0.0
E(392)= 0,0

nn

F(393) = E1/(240%(140+GNU))

EI(l1s1)=1.0/E1
FI(142)=-GNU/E1
FI1(1+3)=060
ET(241)=ET(192)
EI(292)=ET(1s1)
E1(2+3)=0.0
EI(391)=0.0
EI(3+2)=0.0

EI1(3+3)=2,0%(10+GNU)/E1

MPUTE GIM MATRIX

CALL SETAPE(942)
READ(9) SIM

DO 15 I2=1+sNCOMP 3

DO 15 1 =143
IN = 12 +1I-1
GIM(IN) =040
DO 15 J=1,3
IN2 = I2+J~1

GIMCIN)= GIMUIN)+ E(IsJ)%SIM(IN2)

TIALIZE

CALL SETAPE(9+1)
IAVAIL=1

IREC = O

DO 4 I=1,MCOL
L(IV=0

DO 200 K=1sNCOMP
NEC(K)=0
DSSI(K)=0.0
ALBARI(K) = 040
FE(K)=040
SIGMA(K)=040
ALPHA(K)=Ce0
SSI1(K)=040
EP(K)=0.0
CONTINUE

PO 6 J=1sNODFE
CSM(J)=0.C

weJy =0
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13

12

51

50

16

ST A

11

32

31
30

2034

utJdy = 0

D INPUT FOR NEXT CYCLE

READ(532) PMAJDELP sDsTyRMXLDsKLUSNRSTRT

GO TO (7779787)sKTRANS

DO 127 1=1+NCOMP

ALRAR({I) = ALPHA(TI)

CONTINUE

ICOUNT=INT

KTRANS = 1

WRITE(692041)

FORMAT(6HLINPUT s/ 7X93HINT 911X s4HSIGO 914X s 1HE 913X 9 2HNUs 11X s4HDELP
14X 91HD 914X s 1HT 910X 9 5SHRMXLD)

WRITE(692022) INT9SIGOSEL sGNUSDELP DT sRMXLD

FORMAT(1HO(I10s8FE1%566) )

IF(NCYCLE-99) B8s1198

NCYCLE = 99

YCEMAX = 0.0

DO 12 I=1sNODF

21= GIM(3%]=-2) * PMA

22 = GIM(3%]-1) * PMA

23 = GIM(3%]) * PMA

YCE = Z1%%2 = Z1%722 + Z22%%2 + 3J,0%23%%2

IF(YCE-YCEMAX 112913513

Nl = 1

YCEMAX = YCE

CONTINUE

U(N1)=N1

WIN1) = N1

IF({KLU)Y51+50551

CSM(N1)==-1.0

NNPP (1) = N1

CONTINUE

PCRIT=SQRT((SIGO**2)/((GIM(3%N]1-2)%##2)-(GIM(3%¥N1-2)*GIM(3%*¥N1-1)) +

(GIM(3%N1=1)%*%#2)+(3,0% {GIM(3%N1)*#2))))

P=PCRIT

D1 = D/1e732051

Z = SIGO*%2

SMALL=CONST/Z

G =E1/340

DO 16 K=1sNCOMP

EE(K) = SIM(K) % PCRIT
SIGMA(K) = GIM(K) * PCRIT
GO TO 41

RTING PROCEDURE FOR ALL CYCLES RUT THF FIRST

CONTINUE

DO 30 I=1,NCOMP

SG=0.0

DO 31 J=1.NCOMP

N = (J-1)/3 + 1
ITF(U(N))32931+3?2

KQ = NEC(J)

SG = SG + SIJ(IsKQ) * SSI(J)
CONTINUE

REST(I) = SG

WRITE(6920C34)
FORMATI(1H1 s 7THNODE NC»21Xs15HRESIDUAL STRFSS»42Xs15HRESIDUAL STRAIN
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2032
33

10

36

34

TE T 2T

37

39
40

265

250

TEN T T e

53

52

270
41

| U T

» /7)) .
DO 33 I=1sNODE
NN=3*1 . e
NNN=3%]=2
NNK=3#I-1 e
SQENNN)= GNU1*(REST(NNN)+GNU*REST (NNK))+SST (NNN)
SQ(NNK)= GNU1*(REST(NNK)}+GNU*REST(NNN))+5SI (NNK)
SQ(NN) = E1/(2¢0% (1e0+GNUY)I*(REST(NN) )+ SST (NN)
WRITE(6s2D32)1I;SQ(NNNI:SQ(NNK);&QLNN}:REST(NNN)oREST(NNK)o
REST(NN))
FORMAT(3Xs1392X96E1948/)
CONTINUE
IF(PMA)1099,410
YCEMAX = (060
DO 34 1=]1.NODE
NN=3*]
NNN=3%]-2
NNK=3#]-1
Z1=GIM(NNN)*PMA +SQ(NNN)
Z22=GIMINNK)%PMA +SQ(NNK)
Z3=GIM(NN) *PMA +SQ(NN) .
YCE = ( Z1-ALBAR(NNN))#%2 - (Z1-ALBAR(NNN))#(22-ALBAR(NNK)) + (22~
ALBAR (NNK) ) *%2 + 3,0%#(23-ALBAR(NN) ) *%2
IF{YCE=YCEMAX)34+3636
N1l = 1
YCEMAX = YCE
CONTINUE .
NNN= 3%N1-2
NNK= 3#N1-1
NN = 3%N1
DNOM=GIM(NNN)**Z—GIM(NNN)*GIM(NNK)+GIM(NNK)**2+3-0*(GIM(NN)**2)
B=—((ALBAR(NNN)—SQ(NNN))*(Z.O*GIM(NNN)—GIM(NNK))+(ALBAR(NNK)—SO(NN
K))*(ZoO*GIM(NNKl-GIM(NNN))+(6‘QiﬁlM(NN)*(ALBAR(NN)-SQ(NN))))/DNOM
C={(ALBAR (NNN)~SQ (NNN) ) #*%? -( (ALBAR(NNN)=SQ(NNN))*( ALBAR(NNK)=-5Q
(NNK) ) )+ ( (ALBAR(NNK)-SQ(NNK) ) *#*2) +(340% (ALBAR(NN)=SQ(NN) ) *%2)
~Z) /DNOM
IF(PMA)374+37439 ,
PCRIT=(~B~SQRT(B*%#2-4,0%C))/240
GO TO 40 .. _ .. .. . e
PCRIT=(-B+SQRT(B*%2~4,0%C))/2 40
P=PCRIT
DO 265 I=14NCOMP
SIGMA(I) = GIM(I1)*P + SQ(1I)
EE(I) = SIM(I)*P + REST(I)
CONTINUE
DO 250 K=1,NODE
W(K)= 0
CSM(K)=0,0
U(N1)=N1
W(N1) = N1
IF(KLU)Y53+52453 . e
CSM{N1) = =~1,40
NNPP(1) = N1
CONTINUE
DG 270 K=1sNCOMP
DSSI(K) = 0,0
P=P+DELP
IA=0
NKNT=Q
DO 120 K=1sNODFE
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2 Xa¥a)

150

122
55
128

54

121
123
124

120

1000

8930

8940

6015
6017
6006

6001
6002

6003

6004
6005

740
601

NNN=3%K=2

NNK = 3%#K-1

NN = 3*%¥K

YCE = (SIGMA( NNN )-ALPHA(NNN ))¥%¥2 —((SIGMA(NNN )-ALPHA(NNN
*(SIGMA (NNK ) —ALPHA(NNK 11) + 340%(SIGMA(NN )-ALPHA (NN

*%#2 +(SIGMA (NNK)-ALPHA(NNK) ) *#2
29 = (YCE /2=140)
IF(Z9+SMALLY12141224122
U(K)=K
W(K) = K
IF(KLU)54»55954
IF(CSM(K))120+1284128
NKNT = NKNT + 1

GO TO 120
CSM(K) = =140
IA = TA+1
NNPP(T1A) = K
GO TO 120

IF(W(K))112391209123
WRITE(69124) K
FORMAT{1Hls SH NODEs I6s9H UNLOADEDs //)

U(K) ==K
W(K)=-K
CONTINUE

NPND=3%NKNT
COLUMN INPUT ROUTINE

J=1

DO 8940 1=1.NODE
IF(U(1))8930+8940,8930
JT7=3%#]-2

J8=3%I-1

J9=3%]

L(J)=J7

L(J+1)=J8

L(J+2)=J9

J=J+3

CONTINUE

L(J)=999

DO 740 1=1»MCOL

I1=L(])

IF(l (1)~999)6015+601+6015
IF(NECIITY)I 740960179740
IF (1A 4IL~-MCOL)6006+6006+657
I11=1 -1-1REC

IF(I11)160034+6005+6001

DO 6002 JJ=1s111
REA(:9)

neoTO 6005
ITI=(-1)%111

DO 6004 JJ=1s111
BACKSPACE 9
READ(9) (SIJ(JJsTAVAIL) »JJ=1sNCOMP)
IREC=11
NFC(TI)=TAVAIL
IAVAIL=1AVAIL+1
GO TO 6015
CONTINUE
CONTINUE
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aXaNa!

NnNNNN

[aNaNa!

57

144
151

142
56

140

102

152

I[F(KLU) 56957456
CONTINUE

DO 142 K=1sNODE
TF(W(K))14291429144
IF(CSM(K) 114291515151

NNN=3%#K-2

NNK = 3%#K-1

NN = 3%K

Sl= ((ABS(SIGMA(NNN )= ALBAR(NNN) )/D)*%¥(T-1,0))%(T/D)
S2= ((ABS(SIGMA(NNK )= ALBAR(NNK) )/D)**%(T=1.,0))%(T/D)

S3=((ABS(SIGMA(NN)~ALBAR(NN))/D1)*%*(T=1,0))*(T/D1)

S4=SQRT(((SIGMA( NNN )-ALPHA( NNN ))%%2)+( (SIGMA( NNK )=~ALPHA (NNK)
) #%#2 )+ ( (SIGMA (NN)-ALPHA(NN) ) #%2))

V1= (SIGMA( NNN )-ALPHA( NNN ))/S4

V2= (SIGMA( NNK )-ALPHA(NNK))/S4

V3= (SIGMA(NN )=ALPHA(NN ))/S4

CSMIK) = (V1%#%2%S1) + (V2*¥2%S52)+ (V3#%2%#53)

CONTINUE

CONTINUE

COMPUTE INCREMENTS OF TOTAL STRAIN AND SUM

CALL PLAST

DO 100 I=14NODE
NNN=3%]~2

NNK=3%]-1

NN =3%]
IF(W(I))14045100+102

COMPUTE THESE VALUES FOR ELASTIC NODES

DEP(NNN)=0,0
DEP(NNK)=0,0
DEP(NN 1=0,0
DSST(NNN)=040
DSSI(NNK1=040
DSSI(NN) =0,0
GO TO 100

MPUTE THESE VARIABLES FOR PLASTIC NODES

TF(CSM(1)1153,1005152
SOLVE FOR STRESS INCREMENTS

SMA2=STGMA (NNN)=~ALPHA (NNN)

SMAl= SIGMA{ NNK )-ALPHA( NNK )

SMA = SIGMA(NN) -ALPHA(NN )

DB =(540 % SMA2*¥%¥2 - B840 % SMA2 * SMAL + 5.0% SMA1*%*2 4+ 36,0 *
SMA%%2 )/ (440%(CSMI(T1)))

CE(ls1) = ( SMA2 = 0.5% SMA1)%%2 /DB + (1.0/E1l)

CE(192) = ( SMA2 = 0.5% SMA1)¥(SMA1-0.5%SMA?2)/DB-GNU/F1
CE(193) =" ( SMA2-0e5%SMAl)*(3,0%SMA)/DB

CE(2s1) = CE(1s2)

CE(391) = CE(193) o e

CE(292) = (SMA1-045%SMA2)%%2/DB + (140/E1)

CE(293) = (SMA1-0e5%SMA2)%(3,0%SMA) /DB

CE(342) = CE(2+3)
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NN NN

112
113

111
114

110

153

100

213

212

210

CE(343) = (340%SMA)*%2/DB + (2.0%¥(1.0+GNU))/E1 ' '
RHS(1)= DE(NNN)

RHS(2)= DE(NNK)

RHS(3)= DE(NN)

ARG6 =040

M=IMFQF (24341 9sCEsRHS9sARGE s ARGT)
GO TO (110s1119112) M
WRITE(69113)

FORMAT(15H CE IS SINGULAR)

CALL EXIT

WRITE(6s114)

FORMAT( 9H OVERFLOW)

CALL EXIT

CONTINUE

COMPUTE INCREMENTS OF PLASTIC STRAIN, TRANSLATION, AND INITIAL
STRESS

DSIG(NNN)=CE(1s1)

DSIG(NNK)=CE(291)

DSIG(NN) =CE(3y1)

ANUM = (SIGMA(NNN)‘ALPHA(NNN))*(DSIG(NNN)‘O.S*DSIG(NNK))+(SIGMA
(NNK)-ALPHA(NNK))*(DSIG(NNK)—O.S*DSIG(NNN))+3.0*(SIGMA(NN)
~ALPHA(NN))*(DSIG(NN))

DLAM(I)=ANUM/ DB

DMU(I)=ANUM/(((SIGMA(NNN)-ALPHA(NNN))**2)-((SIGMA(NNN)—ALPHA(NNN))

*{ STGMA (NNK)=ALPHA (NNK)) ) +( (SIGMA (NNK)=ALPHA(NNK))#%2) +
(340% (SIGMA{NN)=ALPHA(NN) ) *##2))
DEP(NNN)=((SIGMA(NNN)—ALPHA(NNN))—0.5*(SIGMA(NNK)—ALPHA(NNK))) *
DLAM(T)
DEP(NNK)=((SIGMA(NNK)-ALPHA(NNK))_0.5*(SIGMA(NNN)-ALPHA(NNN))) *
pDLAM( D)

DEP (NN)=340%( SIGMA (NN)~-ALPHA(NN))*DLAM(T)

DALPHINNN)=(SIGMA (NNN)-ALPHA (NNN) ) *DMU(T)

DALPHI(NNK) =(SIGMA (NNK)-ALPHA(NNK) )#DMU (1)

DALPH(NN)=( SIGMA (NN)=ALPHA(NN) ) *DMU ()

DSSI (NNN)=—-GNU1* (DEP (NNN)+GNU*DEP (NNK))

DSST (NNK)==GNU1#* (DEP (NNK)+GMU*DEP (NNN) )

DSSI(NN) = -E1/(240%(1e0+GNU))I*DEP (NN)

ALPHA(NNN)=ALPHA (NNN)+DALPH(NNN)

ALPHA(NNK)=ALPHA (NNK)}+DALPH(NNK)

ALPHA(NN)=ALPHA(NN)+DALPH(NN)

SSI(NNN)=SSI{NNN}+DSSI{(NNN)

SST(NNK)=SST(NNK)+DSSI(NNK)

SST(NN)=SSI(NN)+DSSI (NN)

EP(NNN)=EP (NNN)+DEP (NNN)

EP({NNK)=EP (NNK)}+DEP (NNK)

EP(NN)=EP (NN)+DEP (NN)

CONTINUE

DO 210 I=1sNCOMP

SG6=0.0

DO 212 J=1sNCOMP

J1 = (J=11/3 + 1

IF(U(JY)) 21242125213

KY = NEC(J)
SG=SG+STJ(TsKY)I®DSSI(J)
CONTINUE
DE(1)=SG+SIM(1)*DELP
EE(I) = EE(I) + DEC(I)
CONTINUE
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251

252

253

1101

TES

70
59

118
117

58
125
132
130
131
126

2000
2003

2002
2001

2021

DO 1101 I=1+NODE

NNN=3%]-2

NNK=3%]-1

NN=3 %]

IF(W(I))1251492519252

DSIG(INNN) = E(1s1)%#DE(NNN) + E(192)%DE(NNK)
DSIG(NNK) = E{(2+1)%DE(NNN) + E(292)*DE(NNK)
DSIG(NN) = E(393)%¥DE(NN)

SIGMA(NNN)=SIGMA(NNN)+DSIG(NNN) _.
SIGMA(NNK )=SIGMA (NNK)+DSIG(NNK)
STIGMA(NN)=SIGMA(NN)+DSIG(NN) -
ELAS(NNN)=(140/E1)* (SIGMA (NNN)=~GNU*STGMA (NNK))
ELAS(NNK)=(1e0/E1) *#(SIGMA(NNK)=GNU*SIGMA (NNN))
ELAS(NN)=((2,0%(140+GNU))/E1)%* SIGMA(NN)
CONTINUE

FOR PERFECT PLASTICITY

IF(KLU)58+704+58
IF(ZFL)58959459

CONTINVE

DO 117 I=1sNODE

Nl=3#]-2

N2=3%#]-1

N3=3%]
AL1=(ALPHA(N1)~-ALBAR{N1))
AL2=(ALPHA(N2)~ALBAR(N2))
AL3=(ALPHA(N3)=ALBAR(N3))
FLOW = AL1I%#%2 — AL1I*AL2 + AL2%¥%2 + 3,0%AL3%%*?
ITF(ZFL-FLOW)118+118s117

CSM(I)==1,0

I1A=]1A+1

NNPP(IA)=1

CONTINUE

CONTINUE

IF(P/RMXLD = 140)132,125,4125

CONTINUE

KTRANS = 2

GO TO 126 oo

IF(ICOUNT-INT)130+131,+130

ICOUNT = JCOUNT + 1

GO T0 41

CONTINUE

ICOUNT = 1

WRITE(&92012) P

WRITE(6+2000)

FORMAT(/ 21Xs16HELEMENT STRESSESs /)

- FORMAT(1HO » THNODE NO 94X s THSIGMA=X 912X s THSIGMA=Y 913X s THTAU=XsY)

WRITE(692003)

DO 2001 I=14NODE

NNN=3%*]~2

NNK=3#]=]

NN = 3%] :
WRITE(692002) IsSIGMA(NNN) s SIGMA(NNK)sSIGMA(NN)
FORMAT(3X+1392X9E16¢893X1E1648 93XsE1648)
CONTINUE

DO 2020 K=1sNODE

IF(W(K))2021+202052021

NNN= 3%K-2

NNK= 3%K-]
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N
(o]
ur
(@]

2006
2007
2008

2009
2010
2011

2012
2020

65
66

657
2030

—

NN = 3#K
WRITE(6+2006)
WRITE(692007) KeCSM(IK)sDLAM(K ) s DMULK)
WRITE(6+2008)
WRITE(622009) DALPH(NNN) s DALPH(NNK) s DALPH(NN) s DEP (NNN) o DEP {NNK) »
DEP (NN)
WRITE(692050)
FORMAT( 1HQ)
WRITE(692010}
WRITE(692009) ALPHA(NNN) s ALPHA (NNK) s ALPHA(NN) sEP (NNN) sEP (NNK) sEP (N
N)
WRITE(692011)
WRITE(692009) EE(NNN)sEE(NNK) sEE(NN) sELASINNN) sELAS (NNK) sELAS(NN)
FORMAT(1HO » 10HELEMENT NOs19Xs1HCs16Xs4HDLAMy17Xs3HDMU )
FORMAT({1HQ9110+6E2046)
FORMAT(1HO916Xs14H DELTA ALPHA=X96Xsl4H DELTA ALPHA-Y 95X 915H DELTA
ALPHA-XY s9Xs11H DELTA EP-Xs 9Xs11lH DELTA EP=Y)
7X913H DELTA GAM-XY)
FORMAT(10X96E20e6)
FORMAT(18Xs12H TOT ALPHA=Xs 8Xs12H TOT ALPHA~-Y s 7Xs13H TOT ALPHA-XY
s 7Xs13H PLASTIC EP-Xs7X913H PLASTIC EP-Ys5Xs15H PLASTIC GAM-XY)
FORMAT(1HO921Xs 9H STRAIN-X»10Xs 9H STRAIN-Y»10X9s10H STRAIN=XYs 7X
s13H ELASTIC EP=Xs7Xs13H ELASTIC EP-Ys5Xs15H ELASTIC GAM=XY)
FORMAT(1HO+3Xes17H LOAD LEVELs P = » FBe0 )
CONTINUE
GO TO(41+65)9sKTRANS
IF(NRSTRT) 797166 .
WRITE(10) ALBARQALPHA9CSMvDoDl9DALPH9DE9DEP9DELP9DLAMQDMUODSIGQ
DSSIsFEsEL1sEESEI sELAS9EP sGsGIMsGNUSGNUL s TAVAILsINTIRECS
KLUsL s MCOL s NCOMP s NEC s NNPP s NODE sNPND 9P sPCRITSREST9SIGO
SIGMAsSIJsSIMeSMALL sSQeSSTeTeUsWeZsZFL
GO TO 9
WRITE(652030)
FORMAT( &42H NUMBER OF COLUMNS EXCEEDS AVAILABLE SPACE )
CONTINUE
REWIND 10
REWIND 9
PAUSE 2
CALL EXIT
END

SUBROUTINE SETAPE(NUNITsNFILE)
DATA SIGNAL ,s0111111111111 /
REWIND 9

NSET=NFILE-1

IF(NSET)393 4

DO 1 I=1sNSET

READ (9) X

IF(X-SIGNAL)2s 192

CONTINUE

RETURN

END
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SUBROUTINE PLAST

PLAST LIST+REF

SUBROUTINE PLAST

INTEGER-UsW. . e
COMMON ALPHA(165)

COMMQON CSM(55%) U
COMMON DE(165)
COMMON DELP
COMMON DEP(165)
COMMON DSIG(1&5) .
COMMON DSSI{165)
COMMON E(3¢3). . _ e

COMMON E1

COMMON El1(3,3)

COMMON GNU

COMMON KLU . e . -
COMMON MCOL

COMMON NCOMP e

COMMON NEC(165)

COMMON NNPP(5T) e

COMMON NODE

COMMON NPND . PR

COMMON SIGMA(165)

COMMON S1.J(165957) R

COMMON SIM(165)

COMMON. U(55) e

COMMON W (55)

. DIMENSIQN. ARGI(57). S e e

DIMENSION BA(ST)

DIMENSION CM(3+3) e
DIMENSION ET1(55)

DIMENSION ET2(55%) = . . . e e
DIMENSION RHS(57)
DIMENSIQN RI1(343)
DIMENSION UNIT(3,+3)

~DIMENSION.Z1(3+3). . . e

DIMENSION 22(3,3)
DIMENSION ZMTRX(5757) . ... ...
DO 200 I=1,MCOL

-BA{I) = 0a.Q._... e e ——— e e

RHS(I) = 0.0

DO 200 J=1sMCOL
ZMTRX(I»J) = 040
CONTINUE o U
NRW=0

IC2l et e o e o0 o et 1o e e

KOUNT = 0

DO 1 I=1sNODE e
IFICSM(I)Y) 19146

Lls3#]=2 . . S
L2=3%]-1

L3s3x]_ . . e i e e s
SIGB1l= SIGMA(LI)-ALPHA(LI)

SIGBZ2= SIGMA(L2)-ALPHA(L2) N o
SIGB3= SIGMA(L3)-ALPHA(L3)

DB = (5.0%SIGB1#%2 =840 % SIGB1® SIGB2 + 5,0%¥SIGB2%#%2 + 36,0%SIGB2

*%2)/(440%CSMI(1))
CM(1ly1)={SIGB1-045%SIGB2)%%#2/DB. . .
CM(1+2)=(SIGB1-0.5%SIGB2)*(S1GB2-0s 5*SIGBI)/DB
CM(1+3)=(SIGB1-0.5%*#SIGB21%(3,0%#S1GB3) /DB
CM({291)= CM(192)



11
12

29

CM(2+2)1=(SIGB2-0e5%SIGR]1)*#2/DB
CM(293)=(SIGB2-0+5%SIGB1)*#({3.0%#51GB3)/DB
CM(351)=CM{1s3)

CM(392)=CM(2+3)

CM(3+3)=(340%SIGB3)*%2 /DB

RI(1ls1)= CM(1s1) + (1le0/E1l)

RI(192)= CM(1+2) = (GNU/E1)
RTI(1:3)= CMI1:3)

rrrrrrrr VAT

RI(2y1)= RI(142) .
RI(2s2)= CM(2492) + (1le0/E1)
RI(2+3)= CM(2+3)

RI(391)= CM(143)

RI(392) = CM(293) .
RI(393) = CM(393)+ 240% (140 + GNU)/E1
DO 11 II=1+3

DO 11 JJ=193
UNIT(IIsJJ)=0.0

DO 12 I1=1+3

UNIT(ITs11)= 160

ARG6=060

M=IMEQF (39393 yRIsUNIT»ARGE21ARGYI)
DO 2 Jl=1,3

DO 2 J2=1+3

080.0

DO 3 J3=1,3

Q= Q+ CM(J19sJ3)%¥RI1(J39J2)
21(J1:J2) =.Q

DO 4 J1=1,3

DO &4 J2=143

03000

DO 5 J3=143

Q=Q+E (J19J3)%Z21(J3,J2)
22(d1+42)=Q

DO 10 NZ=1+3

IR=0

IRR=NPND

DO 7 K=14sNCOMP

Jo9=(K=-1)/3 +1
IF(W{J9))Ts7s28
IF(CSM(J9))294+8+8

Q=O|o

IR=IR+1

KY = NEC{(L1)

DO 9 KK=193

Q=Q+ SIJ(KaKY) #*# Z2(KKsNZ)
KY=KY+1

CZMTRX(IRSIC) = Q

GO TO 7

QQ = 060

IRR = IRR + 1

KY = NEC(LI)

DO 30 KQ=1s3

QQ = QQ + SIJ(KsKY) * Z2(KQsNZ)
KYsKY+1
ZMTRX(IRR,LIC) = QQ
CONTINUE

IC=IC+1

CONTINUE

CONTINUE
IF(KLU)60+61460
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I ‘ |

'S | CONTINUE - e
‘ DO 20 I=1,IR
e 200 ZMTRX AT a1) = ZMTRX(1sl) +_140 e s i e
60 CONTINUE '
DQ 21 I=1.NODE e e
IF(CSM(1))22+21421
21 CONTINUE = _ _
GO TO 100
.22 . DQ 31 .J=1.NODE . . __ _ .. e e e -
TF(CSM(J))32+31,31
- 32 Nl=3% =2 - —
N2=3%J=]
N3=3%

SB1=(SIGMA(N1)~ALPHA(N1))-(SIGMA(N2)-ALPHA(N2))/2.0
SB2=(SIGMA(N2)-ALPHA(N2))-(SIGMA(N1)~ALPHA(N1))/2.0 . . . .
SB3=3,0 #({SIGMA(N3)~-ALPHA(N3))
o . ET1(J) = SB2/SBY. .. . e
ET2(J) = SB3/SB1
o KOUNT_ = KOUNT + 1
31 CONTINUE
— e NB MW = 3% KOUNT R o
NTOT = NPND + NRW
e KPND = NPND + 1 _ L
NQ = KPND
N L MZ = 1 __

DO 34 L2=1sNRWs3
l_“,..__,,w-__,mzz=-pp MzZy

BA(L2) = E(1s1) + E(192)%ET1(M22)
BA(L2+1) = E(291) + E(292)#FT1(M22)
BA(L2+2) = E(3+3) * ET2(M22)

NX_= KPND .

NXX=1

DO 35 I=]1.NCOMP

IX = (I-1)/3 + 1

- .- . . IE(CSM(IX))36+3%937 _ __ . __ __ _ _____ S
36 NZ=1

Q=040

DO 38 LY=1sNCOMP

‘ e J=ALY=1)/3 + 1. e e e
I_ IF(CSM(J))394+38,38

: 39 KZ=NEC(LY) _ B . e
' Q=Q+STJ(I4KZ)*BA(NZ)

— NZaNZ+1. . e
' 38 CONTINUE

ZMTIRX(NXaNQ) = Q . —— ——

NX=NX+1 )
GO TO 35 . - e

37  IF(W(IX) 135935540

40 NZ=1 . . e

0030.0
'_. C e DO 41 LQ=1sNCOMP . __ ... . R e e

JQ@ = (LQ=-1)/3 + 1
S IFE(CSM(JQ))1424+41941 U
42 JJ = NEC(LQ)
QQ.= QQ + SIJ(I«JJI®BAIN2Y . _
NZ=NZ+1
i__ -- 41 CONTINUE . . -
ZMTRX(NXX sNQ) =QQ
NXX = NXX + 1
' - 35 CONTINUE




NQ = NQ + 3 L o
DO 43 IK=1sNRW

BA(IK)=0,0 e
MZ = M2 + 1 '
MX = 1
MK = KPND
DO 44 IsKPNDsNTOT,3

M22 = NNPP(MX)

ZMTRX(MK o1) = ZMIRX(MKeI) + 140
ZMTRX(MK+191) s ZMTRX(MK+1s1) + ET1(M22)
ZMTRX(MK+291) = ZMTRX(MK+2s1) + ET2(M22)
MK = MK+3

MX=MX+1

MB=1

DO 45 I=KPNDsNTQT 3

MQ = NNPP (MB)

D6 LI 5 5 SNR——

12=]+2

CZMIRX(I9I1) = ~EI(1s1) * ET1(MQ) + EI(12)

IMTRX(I912) = =EI(191)*ET2(MQ)
ZMIRX(I1411)= ~F1(2e1) * FTI{MQ) + EJ(2s2)

IMTRX(I1912)= —EI(291) * ET2(MQ)
_IMIRX(12+1I1)= Qa0 .
IMTRX(12912)= EI(353)

_MBsMB+1

ORMATION OF THE RIGHT HAND SIDE = . = . I

_NTOT = NPND + NRW ... e e
MB=1l

DO 50 Is1,NODE . . . . . e e -
IF(CSM(1))50+50951
Nl=3#]«2

NZm3#]-]

N3=3#] ) .
RHS(MB)=SIM(N1 )#DELP

RHS(MB+1) = SIM(N2)#DELP =
RHS (MB+2) SIM(N3)*DELP

~_MB=MB+3 e e

CONTINUE

- DO 52 I=1sNODE : e
IF(CSM(1))53+52+52

Nl=3#]=-2 - N -
N2a3#]=]

N3s3sl O R U

RHS(MB)’SIM(NI)*DELP
RHSIMB+1)=SIM(N2)#DELP .. . . e U
RHS(MB+2)=SIM(N3)*#DELP
MB8sMB+3 - - o e
CONTINUE
ARGH = 040 e e e
M-IMEQF(MCOL.NTOT9102MTRX0RHSOARG6 ARG9)
GO TO (54455256) M . B
WRITE(6957)
FORMAT(19H MATRIX IS SINGULAR 1} ..
CALL DUMP
JWRITE(69e58) . e e e
FORMAT( 9H OVERFLOW)
CALL DUMP B e o I




. __}
f

C F ORMATION OF THE SOLUTION VMECTOR

54 MBs1l . m e e : et s e ——
DO 46 1=1sNODE '
IF(CSM{T1)1)46+46447 e

47 N1l = 3%[=2

' N2 = 3%]-1 e
N3 = 3#%]

DE(N1) = ZMTRX(MB.1). . .

DE(N2) = ZMTRX{MB+1s1)
DE(N3) = ZMTRX{MB+2s1)
MB = MB + 3

46 CONTINUE
DO 48 I=1,NODE
IF(CSM(I11)49948948 . S

49 N1=3%1-2
N2=3%]=1 _ e e
N3=3#%]

DEP(N1)=ZMTRX(MBs 1) e .

DEP(N2)=ET1(I1)*DEP(N1)

DEPIN3) = E T2 (I YD E P AN o e . )

DSIG(IN2)=ZMTRX (MB+141)

DSIG(N3) = ZMTRX(MB+2s+1) e .

DSIG(N1) ~ETI(I)Y*DSIGIN2)-ET2(I1)%DSIGI(N3)

DSSI(N1) = =(E(1s1)%DEP(N1) + E(1+2)%DEP(N2))

DSSI(N2) -(E(221)%DEP(N1) 4+ E(292)%DEP(N2))

. DSSI(N3) = =E(3:3)%DEP(N3) . e v e -
MB = MB + 3
CONTINUE =
RETURN
END. . ... el . - ..

-
e
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STRAPP PROGRAM
$ IBFT C  STRAPP LIST,REF

SR PAUSE 1

REWIND 9

COMMON ALPHALL65) oo o e o
COMMON CSM( 55)
COMMON DELP

COMMON DEP(165)
COMMON DSIG - (165)
COMMON DSST(165)
— COMMON.. E{3+3)..
COMMON ET(3,3)
COMMON KLU

COMMON MCOL
COMMON NCOMP
COMMON NEC(165)
COMMON NNPP(57) c e
COMMON NODE

COMMON SIGMA(165)

COMMON S1J(165+57)

COMMON SIM(165)

DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION

ALBAR(165)
ARG7(3)
CE(3+3)
DALPH(165)
DE(165)
DLAM(55)
DMU (55
EE(165). .
ELAS(165)

DIMENSION
, DIMENSION
. ~ DIMENSION
DIMENSION
i . DIMENSION
| DIMENSION ,

- DIMENSION SSI1(165) . . .
DIMENSION U(55)
CONST=1+0E+06 o
READ(593) IRSTRTsRMXLD
. FORMAT.(I5,E1567) - . —. .
IF(IRSTRT) 60,6061

EP(165) e
GIM(165) '

REST(165)

RHS {3 ). -
SQ(165)

: 61 CONTINUE - .
I[> READ (11) ALBAR sALPHA»CSMsD sD1sDALPH s DE s DEP s DELP sDLAMsDMUsDSI1GsDSST »
* EsE1,EE+EIsELASIER »G9GIMyGNUGNUL s TAVATIL s INT o IRECIKLUsLy
* MCOL s NCOMP yNEC s NNPP s NODE s NPND sP s PCRITsREST 9 SIGO 9 SIGMA9 ST U
Ir-»- e S1MsSMALLSC+SS FoTa—bhg ZgZFb: e < e SRSV
REWIND 11
o IREC = 0 - . e
\ ICOUNT = INT
l**“‘ NCYCLE = 99 S

WRITE(6+2041)

WRITEL{6+2022) INT+SIGOsEl+GNULDELR DT +RMXLD - -
IF(RMXLD/P=140)62962+63

KTRANS = 2 :

GO TO 132

KTRANS = 1 : C

GO TO 132

CONTINUE. - : : C e e
KTRANS = 1

READ (5491 )NODE sNCOMPsMCOL » INT .

62
63

60



[a XA XA}

NnNN

NnoN

15

IN

200
1110

RE

A

FURMATLVI L LU
WRITE(6s1) MCOL R
READ(5+2) SIGOE1+sGNUsZFL
FORMAT(5E1547s12213) .
GNU1l = E1/(1a0-GNU*%2)
E(ls1)= GNU1

E(1s2)= GNUXE(1s1)

E(2s1) = E(192)

EiZ2e2) = Eilsl)

E(2:3) = E1/(240%(140+GNU)).
E(ls3)= 00

E(293)= 0.0

E(3s1)= 0.0

E({3+2)= 0.0

EI(l1s1)= 1le0/E1
EI(122)==~GNU/E1
EI(1+3)=0.0
EI(291)=EI(1s2)
EI(2+2)=EI(1s1)
FI(2+3)=0.0

EI(3+1)=0.0

EI(3+2)=0.0
ET(393)=2.,0%#(1.0+GNU}/E1

MPUTE GIM MATRIX

CALL SETAPE(92)

READ(9) SIM e
DO 15 12=1+sNCOMP 3

DO 15 I =143

IN =12 +1-1

GIM(IN)=0,0

DO 15 J=143

IN2 = [2+J-1

GIM(UIN) = GIM(IN)+ E(I+J)*SIM(IN2)

TIALIZE

CALL SETAPE(9s1)
IAVAIL=1

IREC = O

DO 4 I=1,MCOL
NNPP(1)=0

L(I)=0

DO 200 K=1sNCOMP
NEC(K)=0.
DSSI(K)=060
ALBAR(K) = 0.0
EE(K)=040
SIGMA(K)=0.0
ALPHA(K)=0e0
SSI(K)=0,0
EP(K)=0e0
CONTINUE

DO 6 J=14NODE
CSM(J)=0.0

UtJ) = 0,40

D INPUT FOR NEXT CYCLE

102
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l 7 READ(552) PMASDELPsDs»TsRMXLD)S KLU NRSTRT

R GO TO (7775787) yKTRANS
787 DO 127 I=1,NCOMP
e DSSI{I)-=.0,0. . . —
127 ALBAR(I) = ALPHA(I)

- 177 CONT INUE
ICOUNT = INT
KTRANS = 1
WRITE(692041)

2041 FORMAT(6H1INPUT ¢/ 7X43H1NToIlX;#HSIGO’IQXolHE913X,ZHNU911X94HDELP9
* 14X91HD 914X 91HT 910X 9 SHRMXLD)
WRITE(692022)INT+SIGOsEL1sGNUSDELPsDsT $RMXLD
2022 FORMAT(1HO(110+8E1546) )
IFI{NCYCLE-99) 8911,8
8 NCYCLE = 99

YCEMAX = 040
DO 12 1=14NODE
21= GIM(3%]=2) * PMA
22 = GIM(3%1-1) * PMA
23 = GIM(3x]) * PMA
YCE = Z1%%2 — Z21%722 + 22%%? + 3 0*23**2

—— IFIYCE-YCEMAX)12+13413 . o

g 13 N1l = 1

l YCEMAX = YCE

| 12 CONTINUE

: U(N1)=N1

IF(KLU) 204921420 :

l_ 20 . CSMIN1). =._=1,0. e
NNPP (1) = N1

21 CONTINUE
PCRIT=SQRT((STGO*%*2) /( (GIM(3%¥N1=2)%%2)=(GIM(3#N]1~ ~2)*GIM(3%N1~ 1)) +
P * . (GIM(3%N1-1)%*%#2)+ (3 0% (GIM(3%XNL)*%#2))))
\ P=PCRIT
l-ﬁ_ e DL m.D/1eT32051 o e
Z = SIGO*%2
- . SMALL=CONST/Z. e
G =E1/340
l“' DO 16 K=14NCOMP e
EE(K) = SIM(K) % PCRIT
o 18 L SIGMALK). = .GIM(K) % .PCRIT — . .. .
Ij GO TO 41
- C A e
. C

ST A RTING PROCEDURE FOR ALL CYCLES BUT THE FIRST

l 11 CONTINUE

_— w0 DOL30LTIBLANCOMP. L e e e

G=040
l“ DO 31 J=1,NCOMP R
N = (J=1)/3 + 1

——— TFAUINY ) 32431932
l- 32 KQ = NEC(J) - :

————— SG 2. 86 4 -SIJIoKQ) % SSILd) e —r e e e . : e

3] CONTINUE

- 30 RESTHI)} = SG R
I WRITE(6+92034)
— 2034 . FORMAT(1H1s7HNODE NO»21Xs15HRESIDUAL STRESSs+42Xs15HRESIDUAL STRAIN
* s //)
T DO 33 I=1+NODE. e
NH=3%]
NNN=3%1=2

— -—
i

i

|

|

l

t

!
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b~ e

36

34

.37

39
40

265

51

50

22

23
. 4l

NNK=3%1-1

SQINNN)= GNU1* (REST(NNN)+GNU#REST (NNK))+SSI (NNN)

SQ(NNK) = GNU1* (REST(NNK)+GNU*REST (NNN))+SST (NNK)

SQINN). 5 E1/(240%(1e0+GNU))¥(REST(NN) )+ SSIINN)

WRITE(692032) (IsSQINNN)»SQINNK) s SQ(NN) sREST (NNN) sREST (NNK) »

REST(NN)) ‘

FORMAT (3X s 1352X96E19,8/)

CONTINUE '

IF(PMA)10+9410

YCEMAX = 00 , ;

DO 34 I=1,NODE :

NN=3%]

NNN=3%#1-2

NNK=3%1~1

Z1=GIM(NNN) *PMA +SQ(NNN)

22=GIM(NNK) *PMA +SQ(NNK)

23=GIM(NN) *PMA +SQ(NN)

YCE = ( 21-ALBAR(NNN))*#2 — (Z1-ALBAR(NNN))*(2Z2-ALBAR(NNK)) + (Z2- I
ALBAR (NNK) ) #%#2 + 3,0%(Z3-ALBAR(NN))**2

IF(YCE-YCEMAX )34 336436

F W B 090

N1 = 1

YCEMAX = YCE l
CONTINUE

NNN= 3%N1-2

NNK= 3#*N1-1 l
NN = 3%N1

DNOM=GIM (NNN) %¥%#2~GIM (NNN) *GIM(NNK)+GIM(NNK) *#%#2+3, 0% (GIM(NN) **2)

Bz=( (ALBAR(NNN)-SQ(NNN) )} * (2. 0%GIM(NNN)-GIM(NNK))+(ALBAR(NNK)~SQ(NN l

K))*(Z.O*GIM(NNK)—GIM(NNN))+(6oO*GIM(NN)*(ALBAR(NN)-SQ(NN))))/DNOM

C=( (ALBAR (NNN)=SQ(NNN))**#2 —( (ALBAR(NNN)=SQ(NNN))*( ALBAR(NNK)=-SQ
(NNK)) )+ ( (ALBAR(NNK)-SQ(NNK))%#%#2) +(3,0% (ALBAR(NN)=SQ(NN) ) **2)
-Z)/DNOM I

IF(PMA)374+37+39

PCRIT=(-B-SQRT(B*#2-4,0%C)) /20

GO TO 40 4

PCRIT=(~B+SQRT(B*%#2=4,0%C)) /240

P=PCRIT

DO 265 I=1sNCOMP

SIGMA(I) = GIM(I) %P + SQ(I)

EE(I) = SIM(I)*P + REST(I)

CONTINUE

DO 51 I=1MCOL 1

NNPP(1)=0

DOS50 J=1sNODE

CSM(J) = 0.0

U{J) = 00

U{N1) = N1

IF(KLU) 22923922

CSM(N1)} -1l.0

NNPP (1) N1

CONT INUE

P=P+DELP

1A=0

DO 120 K=1sNODE

NNN 3HK-2

NNK 3¥K-1

NN 3K

YCE (SIGMA( NNN )-ALPHA(NNN ))#%2 —((SIGMA(NNN )=-ALPHA(NNN ))

#(SIGMA(NNK ) —=ALPHA(NNK 1)) + 3.0%(SIGMA(NN )~ALPHA(NN ))
#%2 +(STGMA (NNK)=-ALPHA(NNK) )*%#2

104




NN

122

24

121
123
124

120

1000

89130

8940

740
604

601

602
603

29 = (YCE /Z2-1.0)
IF(Z9+SMALL 12191229122

U(K) =K

IFIKLU)244+120424 e e e
CSM(K) = =140

1A = TA+1 ..

NNPP(TIA) = K

GO TO 120

IF(U(K))123+120s123

WRITE(6124) K e
FORMAT(1H1s 5H NODEs 1699H UNLOADED, //)
U(K)==-K :
CONTINUE

COLUMN INPUT ROUTINE

J=1 :

DO 8940 I=1,4,NODF . R
IF(U(I))8930+8940+8930

J7=3#]=2

J8=3%#]-]

Jo=3 %] -

L(J)=J7

LiJ+1)=U8

L{J+2)=J9

J=d+3 . e
CONTINUE

LA dIBIDY L ——— e e

DO 740 1=1sMCOL

II=L(]) e
IF(L{I)=-999)6015+604+6015
IF(NEC(II)Y)740e60172740 ... . . .
IF(ITAVAIL-MCOL)6006+60064+657

III=II=-1=1REC OO

IF(III)6003+6005+6001

DO 6002 JJ=1s111 e e
READ(9)

GO TO 6005 . N
TIT=(~1)%*IT11

- DO 6004 JU=1oTI1 - .. . .

BACKSPACE 9

-READ(9) (SIJ(JJsTAVAIL ) s JJ=1sNCOMP) -

IREC=11
NEC(II)=T1AVAIL : . ——
TAVAIL=TAVAIL+1

GO TO 6015 . e o o o et s o

CONTINUE

DO 601 1=1sNODE

TF (CSM(1))602+6015601

CONTINUE

GO TO 603

CALL -PERTIC AP e

CONTINUE

COMPUTE INCREMENTS OF TOTAL STRAIN AND SUM

DO 103 I1=1,NCOMP e
5G=0.0 '

DO 104 J1=14NCOMP S C e e e
N=(J1-1)/3 +1

IF(UIN))104+1044105 ' s

105



) Q0 )

104

NN

(aNaNAKS)

s ¥ale

103

116

140

101

102

KWSENCCUVJ L)

$G=SG + SIJ(I1+KQ)* DSSI(J1)
CONTINUE

DE(I1) = SG + . SIM(I1)#DELR
FE(I1) = EE(I1) + DE(Il)
DO 100 I=1sNODE

NNNz=3%#I~2

NNK=3%]-1

NN =3%]
IF(UCIN)14091019116
IF(CSM(1)1)1155102,102

COMPUTE THESE VALUES FOR ELASTIC NODES

DEP(NNN)=0.0

DEP(NNK)=040

DEP (NN )=040

DSSI(NNN)=0.0

DSSI(NNK)=0.0

DSSI(NN) =040

DSIG(NNN)= GNU1%* (DE(NNN)+GNU*DE (NNK))
DSIG(NNK)= GNU1l#*(DE(NNK)+GNU#*DE (NNN}))
DSIG(NN)=(E1/(240%(10+GNU) ) )*DE(NN)

GO TO 1101

MPUTE THESE VARIABLES FOR PLASTIC NODES

CONTINUE

S1= ((ABS(SIGMA(NNN )= ALBAR(NNN) )/D)**(T-1,0))*(T/D)
S2= ((ABS(SIGMA(NNK )= ALBAR(NNK) )/D)**(T=1.0))*(T/D)
S3=( (ABS(SIGMA(NN)-ALBAR(NN))/D1)¥¥(T-1.0))%(T/D1)

e enme ook SEnD 2umE R SEE SR T

S4=SQRT(( (SIGMA( NNN )-ALPHA( NNN ))**2)+({SIGMA( NNK ) =ALPHA (NNK) l

y%%2)+( (SIGMA (NN)-ALPHA(NN) ) ¥%2))
V1= (SIGMA( NNN )~-ALPHA( NNN )) /5S4
V2= (SIGMA( NNK )-ALPHA(NNK))/S4
V3= (SIGMA(NN )-ALPHA(NN ))/S4
CSM(I) = (V1%#%2%S51) + (V2*%2#S52)+ (V3#¥2%53)

SOLVE FOR STRESS INCREMENTS
SMA2= SIGMA( NNN )-ALPHA( NANN )

SMAl= SIGMA( NNK )-ALPHA({ NNK )
SMA = SIGMA(NN) —ALPHA(NN )

DB 2(5,0 % SMA2%%2 — 8,0 * SMA2 * SMAl + 5.0% SMAL#%#2 + 36.0 ¥

SMA#%2) /(4.0%(CSM(])))

CE(1s1) = ( SMA2 - 0.5% SMA1)*%2 /DB + (1l.0/E1)
CE(192) = ( SMA2 = (Qe5% SMA1)#*{SMA1-0e5%#SMA2) /DB=-GNU/E1
CE(193) = ( SMA2-045%SMA1)*(3,0%SMA)/DB

CF(291) = CE(1+2)

CE{(3s1) = CE(1s3)

CF(2+2) = (SMA1-0.5%SMA2)%#2/DB + (1.0/F1)
CE(2+3) = (SMA1-045%SMA2)*(3,0%SMA)/DB

CE(3+42) = CE(243)

CE(393) = (3,0%¥SMA)*#%2/DB + (2.0%(140+GNU))/E1
RHS(1)= DE(NNN)

RHS({2)= DE(NNK)

RHS(3)= DE(NN)}

ARG6 =00

M=IMEQF (34341 sCEsRHS+ ARG69ARGT)
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GO TO (11091119112)9M

- 112 WRITE(69113)-
113 FORMAT(15H CE IS SINGULAR)
R CALL EXIT - S e —
111 WRITE(69114)
114 FORMAT( 9H OVERFLOW)
CALL EXIT
110, CONTINUE . . I
C
~Ce . COMPUTE INCREMENTS.OF PLASTIC STRAINS. TRANSLATIONs AND.INITIAL
I C  STRESS
C o . . : . _
DSIG(NNN)=CE(1s1)
I DSIG(NNK)=CE(241)

DSIG(NN) =CE(3s1) '

ANUM = (SIGMA(NNN)-ALPHALNNN})I®LDSIG(NNN)-0.5%DSIG(NNK) ) +(STGMA
* (NNK)-ALPHA(NNK))*(DSIG(NNK)-O.S*DSIG(NNN))+3.0*(SIGMA(NN)
* —ALPHA(NN) ) *(DSIGI(NN)) :

DLAM(I)=ANUM/ DB

DMU(I)= ANUM/(((SIGMA(NNN)-ALPHA(NNN))**2)'(lSIGMA(NNN)‘ALPHA(NNN))

* *(STGMA (NNK)~=ALPHA(NNK) ) ) +( (SIGMA(NNK)=ALPHA(NNK) ) *%2) +
* - (300%(SIGMA(NN)~ALPHAINN) J##2)) . ... .
DEP(NNN)‘((SIGMA(NNN)—ALPHA(NNN))—0.5*(SIGMA(NNK)-ALPHA(NNK))) *
* DLAM(T)..
DEP(NNK)-((SIGMA(NNK)-ALPHA(NNK))- 5*(SIGMA(NNN)-ALPHA(NNN))) *
* —- DLAMI(I)

DEP(NN)—B O*(QIGMA(NN)—ALPHA(NN))*DLAM(I)

e DALRHANNNL=LSTGMA (NNN ) =ALRHA LNNNY J ¥DMULT Y aarime me
DALPH(NNK)=(SIGMA (NNK)=ALPHA (NNK) )*#DMU(1)
DALPHANN)=(SIGMA (NN)-ALPHA(NN) ) #DMU(L)

DSST (NNN)==GNU1%* (DEP (NNN)+GNU*DEP (NNK ) )
DSSI(NNK)=~GNU1%* (DEP (NNK) +GNU*DEP (NNN) ) _
DSSI(NN) = =E1/(240%(140+GNU))*DEP(NN)

oo ALPHALNNN) = ALPHA (NNN) +DALPH/NNNY oo
ALPHA(NNK)=ALPHA (NNK)+DALPH(NNK)

o == ALPHA(NN) =ALPHA(NN)+DALPHI(NN)Y. . . .

115 SSI(NNN) = SSI(NNN) + DSSI(NNN)

. SSTINNK)=SSI(NNK)+DSST (NNK).
SSTINN)=SSTI(NN)+DSSI (NN)

e EP {NAN)=EP (NNN)+DEP ( NNN.) e e

EP (NNK)=EP (NNK)+DEP (NNK)

EP INN)=EP (NN)+DEP (NN)

- C ... COM PUTE THESE VARIABLES FOR ALL- NODES

- 1101 .. SIGMA(NNN)=SIGMA(NNN)+DSIGINNN) . . . S

STGMA (NNK)=STGMA (NNK) +DSTG(NNK)
SIGMA(NN)=SIGMA(NN)+DSIG(NN) :
ELAS(NNN)=(140/E1)*(SIGMA (NNN)~ GNU*SIGMA(NNK))
ELASINNK)={1e0/E1)% (STGMA(NNK ) =GNU*SIGMA (NAN) )
ELAS(NN)=((2.0%(1,0+GNU))/E1)* SIGMA(NN)

-100 . CONTINGE ——ee - -
TES T FOR PERFECT PLASTICITY
» - IF(KLU) 264970426
70 IF(ZFL)26+27+27 :
27. CONTINUE . o C e e
DO 117 I=1sNODE
Nl=z=3%#]=2 . . -
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118

26

S 125

131
126

2000
2003

2002
2001

2021

2050

2006
I. . .2007
2008

2009
2010

2011

117

132

N2=3%]~1
N3=3%] - R
ALl-(ALPHA(Nl)-ALBAR(Nl))

AL2=(ALPHA(N2)=ALBAR(N2)}) .. - ...

AL3=(ALPHA(N3)=~ALBAR(N3))

FLOW = AL1%%2 — AL1%AL2 4+ AL2%#%¥2 + 3,0%AL3#*%2
IF(ZFL-FLOW)1185118,117

CSM(I)==1.0 A

TA=T1A+1

NNPP(IA)=I . . R

CONTINUE

CONTINUE

IF (P/RMXLD = 1640)1325125,5125

CONTINUE

KTRANS = 2

GO TQ 126

IF (ICOUNT-INT)13051315131

ICOUNT = ICOUNT + 1

GO TO 41

CONTINUE

ICOUNT = 1

WRITE(6+2012) P

WRITE(6+2000)

FORMAT(/ 21Xs16HELEMENT STRESSESs /)
FORMAT (1HO » THNODE NOs4Xs THSIGMA=X 312X » THSIGMA=Y s 13X s THTAU=X s Y)
WRITE(6+2003)

DO 2001 I1=1,NODE

NNN=3%] -2

NNK=3%#1~1

NN = 3%]

WRITE(692002) I9SIGMA(NNN)»STGMA(NNK) »STGMA (NN)
FORMAT (3X s 1342XsE16e8+3XsEL6eB8s3XsE1648)
CONTINUE

DO 2020 K=14+NODE e
IF(U(K))2021+2020+2021

NNN= 3#K=2
NNK= 3#K-]
NN = 3%K

WRITE(6+2006)

WRITE({6+2007) KelSMIK) +DLAM(K) sDMUI(K)

WRITE(652008)

WRITE(622009) DALPH(NNN) sDALPH(NNK ) s DALPH(NN) »DEP (NNN) s DEP (NNK ) »
DEP (NN)

WRITE(692050)

FORMAT( 1HO)

WRITE(6+2010)

WRITE(652009) ALPHA(NNN) s ALPHA (NNK) sALPHA(NN) sEP (NNN) sEP (NNK) »EP (N
N)

WRITE(692011)

WRITE(6+2009) EE(NNN)sEE(NNK) sEE(NN)sELAS(NNN) 9ELAS(NNK) »ELAS(NN)
FORMAT(1HO » 10HELEMENT NO»19Xs1HCs16Xs4HDLAM» 17X 93HDMU )
FORMAT(1HO»110s6E20e6) .

FORMAT(1HO»16X914H DELTA ALPHA Xe6Xs14H DELTA ALPHA-Y»5X415H DELTA
ALPHA~XY»9Xs11H DELTA EP=Xs 9Xs11H DELTA EP=Y»

7X913H DELTA GAM=XY) .

FORMAT(10Xs6E2046)

FORMAT(18Xs12H TOT ALPHA-Xs 8Xs12H TOT ALPHA-Ys7Xs13H TOT ALPHA-XY
+7Xs13H PLASTIC EP-Xs7Xs13H PLASTIC EP-Ys5Xe15H PLASTIC GAM-XY)
FORMAT(1HOs21Xs 9H STRAIN-X»10Xs 9H STRAIN=Y+10Xs10H STRAIN=XYs 7X
s13H ELASTIC EP=Xs7Xs13H ELASTIC EP-Y,5Xs15H ELASTIC GAM=XY)
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2012
——2020

4—1 F .
*x X%k Ok

-
66

657
- 2030

':-‘4“‘ *’

FORMAT(1H093X917H LOAD LEVELo P =

CONTINUE

GO TO(41o65)9KTRANS

IF(NRSTIRT )V -T47466 -

WRITE (lO)ALBARoALPHA:CSM’D DloDALPHoDEoDEP’DELPvDLAM|DMU.DSIGo

F840 )

s DSS T s E S El s EESET sELASSEP»G»GIMAGNUSGNUL o IAVAIL 9 INTsIREC

KLUsLoMCOL s NCOMP ¢ NEC y NNPP ¢ NODE ¢y NPND 9P » PCRITWRESTQSIGO’
- SIGMAsSTJsSIMsSMALL +SQeSSTaTalUsZsZFL

REWIND 10

GO -J0--9 e . e i o s
WRITE(692030)
FORMAI+~42H—NQMBER~OF COLUMN$<EXCEEDS -AVATLABLE SPRACE )
REWIND 9
PAUSE--2 -
CALL EXIT
END . e e — e
SUBROUTINE SETAPE(NUNITSNFILE) ... __ _ —
DATA SIGNAL /0111111111111 /
REWIND 9. . _
NSET=NFILE=1
IFINSET) 39344 — I S
DO 1 I=14NSET
READ (9) X = —— — e
IF(X-SIGNAL)2y 192
CONTINUE R
RETURN
END . ) -
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PERTIC

SUBROUTINE PERTIC

LISTsREF

SUBROUTINE PERTIC - R E——
COMMON ALPHA(165)
COMMON - CSM{- 55—
COMMON DELP

COMMON DEP{ 1&5) - - e
COMMON DSIG (165)

COMMON DSSI¢165) - e e
COMMON E(3,3) .
COMMON E3(343 ) e oo
COMMON KLU '
COMMON McOoL
COMMON NCOMP
COMMON NEC(165) -
COMMON NNPP(57) ‘

COMMON NODE
COMMON SIGMA(165) ‘
COMMON STJ(165+57) T T
COMMON SIM(165)

DIMENSION
DIMENSION
DIMENSION’
DIMENSION
DIMENSION

DIMENSION
KOUNT=0
DO 1 J=14NODE
Nl1=3%J-2
N2=3%J-1

N3=3%J ,
IF(CSM(J))2,1 1 e _
SBlz(SIGMA(Nl)-ALPHA(Nl))‘(SIGMA(NZ)‘ALPHA(NZ))/2.
SBZ=(SIGMA(N2L‘ALPHA(N21L:iﬁJﬁMA(NlJTALPHAiNI))/2.
SB3=3.*(SIGMA(N3)-ALPHA(N3))

ETl(J)=SBZ/SBl
ET2(J)=5B3/5B1
KOUNT=KOUNT+1
CONTINUE

- NRW=3%KOUNT
DO 3 I=14,NRW
RHS(1)=04,0

DO 3 U=1sNRW
ZMTRX(IyJ)=0, e
FORMATION OF RIGHT HAND SIDF
NY=]

ARG7(57)
BA(57)
ET1(55)
ET2(55)
RHS(57)

IMTRX(57457)

CONTINUE o

DO 4 I=1,4NCOMP

J= (I-1)/3+1_
IF(CSM(J))544 44

Q=0, . e e e v,
DO 6 1Y=14NCOMP

JY= (1Y=1)/3+1
IF(CSM(JY)) 69697
KY=NEC(]IY) . .
O=O+SIJ(X¢KY)*DSSI(IY)
CONTINVE . . |

RHS (NY)=Q

NYaNY+1

CONTINUE




12

15

14

11

16
10

17

CONTINUE

MK =1

DO 8 J=1sNODE

IF (CSM{J))998s8

N1=3%#J=2

N2=3%J~1

N3=3#)
RHS(MK)-RHS(MK)+SIM(N1)*DF|p

RHS (MK+1)=RHS (MK+1)+SIM(N2)*DELP
RHS (MK+2)=RHS(MK+2)+SIM(N3)*DELP
MK =MK+3

CONTINUE

FORMATION OF COEFFICIENT MATRIX
NQ=1

MZ=1

NO 10 L2=1sNRWs3

M22=NNPP (MZ)
BA(L2)=E(191)+E(192)%ET1(M22)
BA(L2+1)=E(25s1)+E(2+2)%ET1(M22)
RA(L2+2)=F(393)%ET2(M22)

NX=1 _

DO 11 1=1sNCOMP

IX=(I=-1)/3+1

IF(CSM({IX))12s11s11

NZ=1

Q=Oo

DO 14 LY=1sNCOMP

J=(LY=1)/3+1

IF(CSM(J))15914s14

KZ=NEC(LY)

Q=0+SIJ(14KZ)*BA(NZ)

NZ=NZ+1

CONTINUE

ZMTRX(NX sNQ)=Q

NX=NX+1

CONTINUE

NQ=NQ+3

DO 16 IK=1sNRW

BA(IK)=0.

MZ=MZ+1

MX=1

MK =1

DO 17 I=14sNRWy3

M22=NNPP (MX)

ZMTRX (MK s 1) =ZMTRX (MK I)+1
IJMTRX(MK+1+s1)=ZMTRX(MK+1s 1)+ET1(M22)
ZMTRX (MK+25 1) =ZMTRX(MK+2, 1 )+ET2(M22)
MK =MK+3

MX=MX+1

MB=1

DO 18 I=1sNRWs3

MQ=NNPP (MB)

I11=1+1

12=1+2
ZMTRX(Ts11)==FET(1s1)*¥ET1(MQI+ETI(1+2)
ZMTRX(1s12)==E1(1+1)*ET2(MQ)
IJMTRX(I1s11)==ET1(292)*ET1(MQ)+ET(2+2)
ZMTRX(II,IZ)--EI(2,1)*ET2(MQ)
ZMTRX(I12+11)=0e0
ZMTRX(12412)=E1(3+3)

112
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¢ 18 MB=MB+1 . '
L. 8L VU TION OF THE SIMULTANEOUS. LINFAR_EQUATIONS
C
ARG6 =0,0 e - C e e .
M=IMEQF (MCOL sNRW 91 sZMTRX sRHSsARG6EARGT) -
GO TO (21+2019) M
19 WRITE(6922) ‘
22 FORMAT(19H MATRIX IS SINGULAR Y. ... . ..
CALL DUMP ‘
20 WRITE(6923) S
23 FORMAT( 9H OVERFLOW )
CALL DUMP
21 MB=1
DO 24 1=1sNODE .
IF(CSM(11)1254924424
25 N1=3%1-2
N2=3%]-1
N3=3%]

DEP(N1)=ZMTRX(MBs1)
DEP(N2)=ET1(I)*DEP(N1)
DEP(N3)=ET2 (1) *DEP(N1)
DSIG (N2)=ZMTRX(MB+1s1)
DSIG (N3)=ZMTRX(MB+251)
DSIG (N1)==-ET1(1)%DSIG (N2)-ET2(I1)#DSIG
DSST(N1)==(E(1s1)*DEP(N1)+E(192)%DEP (N2))
DSSI(N2)==(E(2s1)%DEP(N1)+E(242)%¥DEP(N2))
DSSI(N3)=~E(343)*#DEP(N3)
_ MR=MB+3

24 CONT INUE
RETURN
END
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LISTING FOR EIGENVALUE PROGRAMS

COMMUN JI9JTsX9Y,A0,80,JU,L0C0L,L,AA

BUCKLING OF RECTANGULAR PLATES GENERAL EIGENVALUE PRUGRAM

CUMAON JILVBNU »CoAKGy IMyNJTS,ANULIN
CUMMUN ErH)ES,ET:KLUrAPHlﬁTA:UAM:EN

COMMON DENsNCO, S7, [8UC ;KL U4
CUMMUN PXyPY3PXY 305Ky SY,DSXY, SMAX

DIMENSION JI(4)4JTUSL) oAUBL) oY (8L)oJII(64y4)
DIMENSIUN NBND(81y4),L000L(16)y6(L6,16)

DIMENSIUN C(11325),Aa(4,3),A0(3),BD(3)
DIMENSLION JOD(4) ,AR6(16,5i0)Ul15)),VI150)

DIMENSIUN CA{150),3A(L500) yW{150),Q(150)
DIMENSIUN PXI50),2Y{50),PXY(50)

DIMENSION DSX{50),035Y(50) »uSAY(50)
DUUBLE PRECISIUN P(L50)

U0 42 I=1,31
X{I)=0.

Y{1)=0.
JI{I)=0

DU 43 J=1,4
Ji(J)=0

43

JD(JI=0
DO 44 K=1,3

44

AD(K)=0.
Bu(K)=0.

DU 45 L=1,16
LUCOL(L)=0

DU 45 M=1,16
Gll,M)=0,

45

AKG(L,M)=0.
DU 406 N=1,4

40

LU 46 11=1,64
JII({I,N)=0

DO &7 JJd=1,4
DO 417 kKKk=1,81

41

NBND(KKyJJ)=0
U0 48 LL=1,15C

ulLL)=0.
VILL)=0,

CA(LL}I=0,.
BX(LL)=0.

43

WlLL=0.
QULL)=0.

By 49 N=1,50
BSX{N) =0,

DSY(NI=0.
COSXY(N)=0.

PX{iN)=0.
PY(N)=0.,

49
2000

PXY({i)=0.
REWIND 2

L1=0.
BK=1, :

READ (5499) NITSyKLUSRLUZ2RLUS 9 KLU% 9 KLUS yNET G, LUT

IF(KLU 140,441,440
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41

WRITE (6,208)

Gu TUJ 5
WRITE(6,209)

TuL=le. % 10e*x{—LUl)
READ(H,98) ANUEd,ivlUs3 7

WRITE(5927) KLUYRLUZIRKLU3  KLUSG ,KLUSNETG,LOT
WKITE(69)28) AUt iHyNUCLy SY

IF(KLU3) 4y 994 )
READ (59600 XSZy¥>5£L 9 Xinly YNl gNAEM

WRITE(Gr6L1) XSL9YSZyXNLgYNLgNJTSyNMEM
XN 2=XN1

YN2=YN1

DU L L=1,NJTS
XUL)=UAXNL=XNZ) /LANL) ) %A 5L
YOL)=LAYNL=YNZ) /(YNL) I XS L S

JI(1)=1
AiN2=XNZ=1.

3

1 COnTINUE

XNZ=XNL

IFIXNZ2)3, 101

YiNZ=YN2- 1.

WRITE{6,62)
Wn [TE(o0,63) (JTUL) pXtidyY{I)}yI=L,NJTS)

NN 1=XN1
NiNZ2=1

NN3=ANL+2.
NNa=Xi1

Du 64 MEA=1,KMEA
JLL{MEM, 1) =N

SIT{MEMy 3)=RNN3

JITUMEM, 2)=NNZ+ 1

JIT(MEM, 4)=NN3+1
NiN2=NNZ+1

NN3=NN3+1
NEM=MEM-NN%

65

64

IF{NEMI64465965

NNZ2=nN2+1

NN3=NN3+]
NN4=nNN1+MER
CUNT INUE

GJ Tu 70

9

READ{S54100) (JTLidy X(L)yYUL)yI=1yNJ1S)
NRITLE (6452001}

WRITE (69201) (JTUL)gX(idoYUL) yI=LoNJTS)

8 READIS101) MEMsNTYPEJ) (L) o JdI1(2) 9 JA(3)0dl(4)

53

IF(MEM=99) 64706
DU 10 [=1,4

10 CONT INUE

JLIIOMEMy T =d1(1)

KUDE =MEM

CONT INUE
MEM4=KQUE

WRITE(0966)  ((JIL{RgN)giN=L94) yK=1y MEM)

1F(KLU4) 5050,5051 45050
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READ (5,103) APH}HTAIGAM!ENIDEN

WRITE(H6y109) APH,3TA GAAyENDEN
GO T3 5052

WRITE (6,90)
DO 71 MEM=1,NMEM

REAU{59103) PX{MEA) »OSACMEM) yPYLMEM) »DSY{MEM) yPXY(MEM) yDSXY(MEM)
NRITE(6497) PX(nt4)yDoA(MtH)gPY(MtM),DSY(MtM)gPXY(MtM)vDSXY(MEM)

IF{KLUS)}5000,50€1,y5C060
IbuC=1

DU 11 I=1,NJTS
DO _11 J=1,4%

NBNU{I,4)=0
WRITE(65207) — _—

DO 12 I=1,NJTS '
READ(55102) JOINT,J8i)eJ0l2),JD(3)4J04)

WRITE(64203) JOINT, Ju(l):JU(Z):Ju(3).JU(4)
D0 13 J=1,4

_14

IF{JO(J)) 13,13,14%
NBNO{JOINT,J)=1BUC

I8uC=IpuC+1
I1F(13UC-150)13,13,15

15

WRITE{O6,204)
CALL EXIT

13
12

CONT INUE
CUNT INUE

5060

IvdC=18uC-1 i
REAU(5,550) STUPIT

LBUC=({{IBUC+L)*[isuC)/2
IF(KLU2) 504,402,504

504
23

WRITE(6,23)
FURMAT(1HO, 14HTHE NSNU ARRAY)

402

WRI[E(@,Z‘#)‘NBND(I' L)yNowulIe2) ynNBNDII )5)pNBND(‘"f),I’—'l'JOINT)
DO 436 KK=1,LBUC

896

C{KKI=0.
FIRS5T=0.

CU 16 [¥4=1,MEM
IM=IM

LIN=¢4
IF(FIRST) 551,582,551

551
553

IF(KLU4) 55245534552
IF(KLUY3-1) 552,554,552

552

CALL BSTIF
FIRST=1.

554
16

CALL STACK
CONT INUE

4000

1F{KLU2)4000,4001,4000
WRITE(64703)

4001

CAaLL SCRIBE
CALL FUTILE (C,inJuC,nNiX)

FORMATION UF L INVERSE

OO0

IF(NIX)500,501,5C2

501

WRITE(6,600)
GU TO 503

500

WRITE(6,601)
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GU_TO 1009

502

WRIIE(6,602)
GO 10 1009

503
4002

1F(KLU2)4002,4003,4002
WRITE[6+57)

4003

CALL SCRIBE
IK=1

1Q=0
KKK=13UC+1

DO 300 IL=24KKK
IF(IK-1)301,301,3V2

302

....303 1P=1P-1

301

1P=IK~-1
WVU_303 J=1,1u
ClIP)==1+%C(iP)/ClIK)

Cl{1K)=1./C(IK)
IK=1K+1L

300

€
C
£

S KZ=1

I@=14+1

WRITE L INVERSE GV TAPE 2

KQ=1

—.-.304_

D0 304 K=1l,IBUC

ARITE (2) (CUKP)y KP=KwypKL)
Ku=KQ+k

KE=RG+K
ReEWIND 2

DJd 897 KK=1,LBUC

897

C(KKI=0,

FIRST=0. B

DU 17 1M=1,MEM

I4=1IM

LIN=4

IF(FIRST) 555,590,553

‘555
557
5506

553
17

[F(KLJ%) bSb,b)?yf)SO
TE(KLU3=1) 556,553,550 .
CALL MSTIF ,
FARST=lw
CALL STACK

CuNTINUE

.. 40006

4007

IF(KLUZ2)400064949C7,40006
WRITELE,70U4)
caLL SCRIBE
WU 305 LK=1.1BUC
ReEAD (2) {(CA(KQ) sRw=1yLK)

CALL DAGGER(C, IBUC LA LK W)

305

40038

702

CunT INUE
REWIND 2 -
IFIKLU2)4008,40C5y4003
WRITE(6,702)
FURMAT(1HO,y 14HC AFTER UAGOER)
CALL SCRIBE

4009

CALL SWITCHIC,Ldul)
M=11325

CALL 31luoSYM (C, ld-J(;,Nz:'l‘u'M,:SX,P,Qp'\thMlSS)
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IF(MIS5)306,307,300

306

WRITE(6,308)
GU TU 1009

3017
310

WRITE(65310) (BX(L) 1=1,NEIG)
FORMAT(13HO EIGENVALUES//{iPoE20,1))

309
1000

IF(KLU)1000,100GC,1001
WRITE(69104)

1005

IF({KLU4) 100441005, 1304
EXO0=(1./8X(1))*APH

EYJu={1./BXx{1})*3TA
EXAYUD=(1./8X{1))%:AM

1004

WRITE(6,105) EXGUyEYOU 9EAYODD
GV _TOU 1009

OU 5040 1I=1,NMEM
PX{I1)=PX{11)/BX{(1)

5040

PY(I1)=PY(II)/BX(L)
PXY{II)=PXY{II)/BX(1)

WRITE (6426) (PX{IE)4PY(LI)yPAY{LI) 11=14NHEM)
GU TO 1009

1001

ERROR =(l./8Xx(1))-1.
IF(ERRUR) 411,403,412

412
414

IF{DL) 4164414,41%
1F{sLU4)420,413,429

41€

EN=EN+DEN
Dlzl.

420

Gu TU 402
Dl=1.

421

DU 55 IN=1,NMEM
PX{INI=DSX{INI*DLI+PX(LiN)

35

PY{IN)=DOSY({IN)*DLI+PY(IN)
PXYUINI=DSAY{IN ) *DL+PXY( IN)

416

GU TO 402
IF(KLUG) 4249422+424

422

DeN=DEN%*.5
EN=EN+DEN

Dl=1.
GU_TO 402

424

Ol=1.

427 DU 37 IN=1,NMEM

DSX{INI=.5%DSX{ IN)
OSY{IN)I=.5%DSY( IN)

37

DOSXY UIN)=.5%DSXY (11)
GO TO 421

411
413

SIF{O1) 413,413,415
IF(KLU4) 419,417,419

417

EN=EN-DEN
Di=-1.

419

IF(ERRUR+TOL) 402,4C3,403
Dl=-1.

415

IF(ERROR+TOL)421,403,403
IF(KLU4)425+423,425

423

DEN=+5%DEN
EN=EN=-DEN

Dl=-1.
ITF{ERROR+TOL)4U2+,4U3,403

425

Dl=-1.0
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{IF{ERROR+TUL ) 427,403,403
403 WRITE(6,106) ERRUR
WRITE(0,107)
XF(KLJ4)1007,10C8p10b7
1008 EN=cN+DEN
ENX=APH¥EN
ENY=B8TA%*EN
ENXY =GAM¥EN
WRITE{69108) ENXKJENYENXY
GY TO 1u09
1007 WRITE(6,26) (PXUIT),PY(I1),PXY(I])o01=1,NMEM)
1009 IF(STUPIT)6T74200Cy07
67 CALL EXIT
24 FL]R!"‘AI(].HO,IS,BX,[)ySX,lbpﬁX,lD_,
25 FARAAT{IHO s 7TX ¢ 2HNK y LaX g 2HNY 9 13Xy IHNXY)
26 FL)KAAT(IHO'Elbn8;3’('&16-(3,5)\9616.8,
21 FUKMAY‘].HO"OHKLU-‘-;IS,)XLDHKLU2=1ISQ3X,5HKLU3=1IS:3X,5HKLU4=,IS:3X)
LoHKLUS=yI593Xs5HNELL=9 149 3X,4d4LIT=,14)
28 FORMAT(1HO g 4HANL=, 010 by 3X 9 2ME=)ELl5e 893X 32HH=3E16e893X4HNLO=415,:
1X,3HSI=.E16.8)
57 FURMAT(IHULTHRESJLTS UF FUTILE)
60 FURMAT(4Fb6el,y12)
61l FUORMAT(IHU ) 4HXSL=yF € el s 3Xe4HYSZ2=3F 00193 Xg4HXNL=9FOely3Xs4HYNL= ,F6.
ll, _3)(' )HNJTb—vljyij)iiNMLf"l—'I_‘))
62 FURAAT(LAQy 1Xy5HIILINT 9 JA9LHX ) IX g lHY)
63 FURMAT{LIHOy I5,7Xytrlely 3X2FTe2)
66 FURMAT(LLIHO JIIl ARRAY//(4lb))
96 FURMATULIHO 9 DX 9 2HP X9 L3Xy3AUS X9 L4 Xy 2PY 313Xy 3ADSY 914Xy 3HPXY 312X,y 4HDS
IxXY}
97 FURMAT(LHO 2 EL e 8y bXottloa 89l X9EL9e891X1EL5e891X9EL5.891X9EL5.8)
98 FURMATI{3EL14.89174F1U2)
99 FORMATI{3I3)
. 100 FUKMAT(I1442E12.11)
10l FURMATUI3,12,413)
102 FURMATI(513)
103 FURMAT{6F10.2)
—104% FORMAT(29H0 Trt 3JLKiiNo STRESSES ARE /1HQ 16X 4rANX/D s 1 TX s 4HNY /Dy
117Xy 5SANXY /D)
A05 FURMAT (L0, 516225 X2t0eds5K1E10e3).
106 FURMAT(THU CKRUR//(1P6EZLIT))
107 FJIRMATI2900  The osdeikbiie SIKESIES ARE /1HQ e IXa 2HNXs LIXs 2HNY s 19X,
L3HNXY)
LL08 FURAAT(IHO £ 6. ce A2t L0, B890KElOa8)
109 FUKMAT(LAOy 4HAPH= 1 5243 Xy 4113 TA=,F6. 293X’4H(}AM= 1FO 293Xy 3HEN= FG.2
Ly 3Xp 4HDEN=9+Y 43} -
20\) FUkMqué)\.)HJbil‘f;h(.kd)(,lé)&,ldY)
201 FURMAT (33K, [435X32E10670
203 FURMAT (33X 1494Xy149,47X, [a4r6X9l496XK,14)
204 FORMAT( 37HTHE PrJISLEM EXCEEYS AVAILAbLE STORAGE )
207 FURMAT(a4Xy 4HNUOE g0 K g LHWy YX 9 3 WAy 7IXy3H WY 0X9S5H WXYI
208 FURMAT( Lidly 3)HTHIS I> A ELASTIC BJUCKLING RUN)
209 FURMAT(LIHL,30HTRI> (S A PLASTIC BUCKLING RUN)
208 FORMAT(LIHY,y LSHERRIR A B1GSYM)
550 FURMAT(FS.0)
600 FURMAT{1HU$23HFLTILE Wa> [RUUBLE EFREE)

601 FUORMAT(LHO26HC [5 NUT POSLTIVE OEFINITE)

S 130




TN TN T T T e

L L] L L T TN T TS Tl W W e

703 FORMAT(1HO,12HC FRUM BSTIF)
704 FORMAT(14H0 C FRUM MsTik)

END
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>SENVALUE

<

C  PROGRAM
COMMON JIQJTIXQY!AD'BD'JD’LGCOLvC

COMMON JII+NBND, GfAKGoIﬂ'NJT51ANU,LIN
COMMON EoHoES,ET KLUJAPHsBTA,GAMLEN

COMMON DENyNCO,ST7,IBUC
DIMENSION JI(419JT(81)4X(B1)yY(81)sJill64s4)

" DIMENSION NBND(Bl,4),LOCOL(16),G(16416)
DIMENSION C(11325)9AA(443),AD(3),BD(3)

DIMENSION JD(4),AKG(16416),U(150),V(150)
DIMENSION CA(150),8X(150),W(150),Q(150)

DOUBLE PRECISION P(150)

. DO 42 I=1,81 e
X(1)=0.

42 JT{I)=0
DO 43 J=1,4

JI(J)=0
43 JyD(J)=0

DO 44 K=1,3
_AD(K)=0.

44 BD(K)=0.
DO 45 L=1,16

LOCoL(L)=0
DO 45 M=1,16
G(LsM)=0,

45 AKG(LM)=
DO 46 N=1,4
DO 46 11=1,64

46 JII(II,NI=0
DO 47 JJ=1,4
DO 47 KK=1,81

47 NBNDIKK,JJ)=0
DO 48 LL=1,150

U(LL )=0,
v(LL)=0.
~ CA(LL)=0. . e -
BX{LL =0,
W(LL)=0. ) o
48 Q(LL)=0.
2000 REWIND 2
D1=0.
 BK=1l. - o —
EK=1e

_ READ(5,499) NJTSyKLUyKLUZ2sKLU3 yKLU4+KLUSyNEIG,LOT

IF(KLU 140,41,40

41 WRITE (6,208)
6 TS5
40 WRITE(6,209)
5 T0L= 1. * 10.%%(~-L0OT)

READ(5,98) ANUJE+HyNCO,S7
WRITE(6427) KLUyKLU29KLU3,KLU4,KLUS,LOT

WRITE(6428) ANU+E +HyNCOyST7
IF(KLU3)4,9,4
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65

64

10

70

DO 11 J=1,4

READ {5,60) XSZesYSZyXN1,YN]  NMEM
WRITE(6,61) XSZyYSZ¢XN1lyYN1 NJTSyNMEM
XN2=xN1

YN2=YN1

DO 1 I=1,NJTS
XEI)=0{XN1=-XN2}/(XN1))*XSZ
Y{I)=C(YN]I=-YN2)/(YNL)})*YSZ

JTUI)=1

XN2=XN2-1.

IF(XN2)3,1,1

XN2=XN1

YN2=YN2-1.

CONTINUE

WRITE(6462)

WRITE(G6463) (JTUL) o XTIV Y(I)I=1,NJTS)
NN1=XN1

NNZ2=1

NN3=XN1+2.

NN4=XN1

DO 64 MEM=1,NMEM

JIT(MEM,1)=NN2

JIT(MEM, 2)=NN2+1

JIT(MEM,3}=NN3

JIT{MEM,4}=NN3+1

NN2=NN2+1

NN3=NN3+1

NEM=MEM-NN4

IFINEM) 64,465,465

NN2=NN2+1

NN3=NN3+1

NN4=NN1+MEM

CONTINUE

GO T0O 70

READ(5,100) (JTUIYIoXUID) e YUI)9I=14NJITS)
WRITE (6,200)

WRITE (65201) (JTUL) o X(L) oY1) ,I=1,NJTS)
READ(S,101) MEM NTYPE yJI (1) JI(2),4J1(3),J1(4)
IF{MEM=99) 6,746

DO 10 I=1,4

JIT{MEM, I )=JI{])

CONTINUE

KODE=MEM

GO 1O 8

CONTINUE

MEM=K0ODE

WRITE(6,66) ((JIT(KyN) yN=1,4) yK=1y MEM)

READ (5,103) APH,BTA,GAM,EN,DEN
ENI=EN

WRITE(6,109) APHyBTAyGAM,EN,DEN, TOL
IFIKLUS5)506045061,45060

I8UC=1

DO 11 [=1,NJTS

NBND(T,J)=0
WRITE(6,207)
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14

13
12

_ . 5060

504
23
15
18

897

554
555

556
16

4000

4001

aoOn

501
500
502

503
4002

4003

302

DO 12 I=1,NJTS

READ(5,102) JOINTHJU(Y),JD(2),4Dt3},40(4)
WRITE(64203) JOINTJD(1),JD(2),3D(3),4D(4)
DO 13 J=1,4

IF(JD(J)) 13,13,14

NBND(JUINT,J)=1BUC

1BUC=1BUC+1

IF(IBUC~150)13,13,15

CONTINUE

CONTINUE

IBUC=1BUC-1

READ(5,4550) STOPIT
LBUC=((IBUC+1)*[BUC)/2

IF(KLU2) 504,189504

WRITE(6423)

FORMAT{1HO,14HTHE NBND ARRAY)

WRITE(6924) INSNUD(T 1) ¢NBND(T 42) ¢ NBND(E93) yNBND(T+4)21=19JOINT)

GU TO 18 |
WRITE(6,204)

CALL EXIT

FIRST=0.

DO 897 II=1,L3UC
C(l11)=0.

D0 16 IM=1,MEM

IM=IM

LIN=4

IF(FIRST) 5549555554
IF(KLU3-1) 555,556,555
CALL MSTIF

FIRST=1,

CALL STACK

CONTINUE
IF({KLU2)4000,4001,4000
WRITE(6,703)

CALL SCRIBE

CALL FUTILE (C,IBUC,NIX)

FORMATION OF L INVERSE

IFINIX)500,4501,502
WRITE(6,4600)

GO TO 503
wRITE(64601)

GO TO 1009
WRITE(6,602)

GO TO 1009
[F{KLU2)4002,4003,4002
WRITE(6,57)

CALL SCRIBE

IK=1

[Q=0

KKK=1BUC+1

DO 300 IL=2,KKK
IF(IK-1)301,301,302
IP=1K=~1

DO 303 u=1,1Q
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303
301

300

304
402

896

COIP)==1%C(IP)/C(IK)

IP=IP-1

CUIK)=1s/C(IK)

IK=IK+IL
IQ=1Q+1

WRITE L INVERSE ON TAPE 2

KZ=1
KQ=1

00 304 K=
WRITE (2)

KQ=KQ+K
KZ=KQ+K
REWIND 2

DO 896 KK=1,11250

C(KK)=0.
FIRST=0,

DU 17 M=

IM=1M
LIN=4

l,I8UC
(C(KP),

1yMEM

KP=KQyKZ)

[F{FIRST)1551,4552,551

[F{KLU3-1)

CALL BSTIF

FIRST=1.0

CALL STACK

CONTINUE

5524553,552

[FIKLU2)4006,4007,400¢
WRITE(6,704)
CALL SCRIBE
D0 305 LK=1,18UC
(CA(KQ)sKQ=]4LK)
CA(LK)=CA(LK)/EK

READ (2)

CALL DAGGER(CIBUC,CA ¢LKyW)

CONTINUE

IFIKLU2)400844009,4008
WRITE(6,702)

FORMAT{1HOy14HC AFTER DAGGER)

CALL SCRIBE
CALL SWITCH(C,IBUC)

M=11325

NEIG=IBUC
CALL BIGSYMIC,

IBUC,

IF(MISS)306,307,306
WRITE(6,308)

CALL EXIT
WRITE(6,310)

(BX{I)yI=14NEIG)

IF(KLU)1000,1000,1001
WRITE(6,104)

IBUC yMyBX4PyQesUyVyMISS)

EXOD=BX{ IBUC )*APH

EYOD=BX( IBUC)*BTA

EXYOD=BX{ IBUC)*GAM
WRITE(6,105) EXOD,EYUD,EXYOD
—— GO TO 1009 .

1001 ERROR=BX(IBUC)-1.

IF{ERRUR) 411,403,412
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412
414

416

411
413

415

403

1009
67
24
27

60

61 FORMAT(1HO,4HXSZ=yF6.1y3X,4HYSZ=.Fb.1.BX'QHXN1='F6.1v3X,4HYN1=oF6.
11o3X.5HNJTS=.I3.3X,5HNMEM=;I3)

FORMAT(1HO 91Xy SHJUINT ¢9X s IHX 49X 91kY)

FORMAT(IHO IS5, TX4FTe293XyFT7e2)

FORMAT(11HO JIT ARRAY//(4I5))

FORMAT(1HO1EL5e8y 1XyE15e 891 X9EL1Se 891 X9ELS5eBy1XyF15e891XsE1568)

FURMAT(3El14+8,1[7,F1042)

62
63
66
97
98
96

100
101
102
103
104

IF{D]l) 416,414,414

BK=BK+DEN/ENI
EK=SQRT{BK)
EN=EN+DEN

Dl=1.

GO TO 402
DEN=45%DEN
BK=BK+DEN/ENI
EK=SQRT{BK)
EN=EN+DEN

Di=1.

GO TO 402

IF(D1) 413,413,415
BK=BK=-DEN/ENI
EK=SQRT{BK)
EN=EN=-DEN

Dl=-1.

IF{ERROR+TOL) 402,403,403

DEN=45%DEN
BK=BK-DEN/ENI
EK=SQRT(BK)
EN=EN~DEN
Dl=-1.

IFCERROR+TUL) 402,+403,403

WRITE(6,106) ERRUR
EN=EN+DEN
WRITE(6,4107)
ENX=APH*EN
ENY=BTAXEN
ENXY=GAM*EN

WRITE{6,108) ENXsENYENXY
IF(STOPIT) 67,2000,467

CALL EXIT

FORMAT(1HO 2 I545XsI5¢5Xe15¢5X415)
FURMAT(1H0'4HKLu='[513X'5HKLU2=,[5,3X,5HKLU3=,[5'3X95HKLU4='15'3X'
~ 15HKLUS=41543Xe4HLOT=412)
28 FORMAT{1HO ¢ 4HANU=yE16e By 3X9s2HE=yE16a B93Xs2HH=9ELALRy2X34HNCO=415,3
1Xy 3HS7=yE1648)
57 FORMAT(1HO,17HRESULTS OF FUTILE)

FORMAT(4t6e1912)

FORMAT(8]3)
FORMAT(I442E12.1)
FORMAT(13,12,413)
FURMAT(5I3)
FORMAT(6F1042)

FORMAT(29HO THE BUCKLING STRESSES ARE /1HO,€EX94HNX/Dy1TX 4 4HNY /Dy

117Xy SHNXY /D)
105 FORMAT(1HO)EL164895XyE16e8B45X4E1648)
106 FUORMAT(7H0 ERROR//(1P6E20.T7))
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107

FORMAT{29HO THE BUCKLING STRESSES ARE /1HO,7Xy2HNX 19X 42HNY,19X,

13HNXY) ,
108 FORMAT(1HOyEL6e895XsE]16e895X9EL6e &)

109 FORMAT(1HO,4HAPH=4F4e1,43X, 4HBTA-'F4.193X.4HGAM',F4 1¢3X93HEN=yF9,2

200

201
203
204
207
208
209
308
310
550
600
601
602
703
704

FORMAT(33XyI4¢5X42E1647)

FORMAT(3 Xy I494Xy149TX9[446Xy1446X414)
FORMAT( 3THTHE PROBLEM EXCEEDS AVAILABLE STORAGE
FORMAT(4X g 4HNODE 96 X9 1HW o IXe3H WX TXy3H WY 6X45H
FORMAT(1H1,31HTHIS IS AN ELASTIC BUCKLING

1y3Xe4HDEN=yFGe 393Xy4HTOL=9yFG.5)
FORMAT (34X 5HJOINTy9Xy1HXy16Xy1HY)

RUN)

FORMAT(1H1,30HTHIS IS A PLASTIC BUCKLING RUN)

FORMAT{1HO, 15HERRUR IN BIGSYM)

FORMAT(13HO EIGENVALUES//(1P6EZ20e67))

FORMAT(F5,0)

FORMAT(1HO,23HFUTILE WAS TROUBLE FREE)
FORMAT(1HO,26HC IS NOT POSITIVE DEFINITE)

FORMAT(1HO,BHOVERFLOW)

FORMAT(1HO,12HC #ROUM BSTIF)

FORMAT(14HO C FROM MSTIF)
END
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12
1¢
14

20
.23

25

EIGENVALUE PROGRAM

SUBRUUTINE BSTIF

CUMMUN JlvJT e X9 Y4ADWBDyJUDyLUCUL,CyAA
COMMON JIToNBNDsGsAKGyIMyNJTS,ANUSLEN
COMMON EyH ESyCToKLUSAPHyBTA,GAMHEN
CUMMAUN DENNCU s ST IBUC sKLUS

CUMMUN PXePYoPXY $OSXeUSYISXY,ySMAX

DIMENSION

JIC4) 3 JTE8L) 9 X(BUY Y (BY) 9 J[1(£4,4)

DIMENSTIUN NBND{B144)LUCULILA) G(16E,16)
DIMENSTUN CUL11325)sA0(443)4,AD(3),PD(3)
DIMENSION JU(4) AKG{16,106)
. DIMENSTUN PX(50)PY{50)4PXY(50)
DIMENSIUN DSX(50),DSY(50) 4OSXY(%0)
DU 20 K = 1,4LIN
DO 1e I = 1,0JTS
[FCJTOL)=-0LI0 IMyKY) 12,14,12
CONT INUE
WRITE (641¢)
CALL EXIT
FORMAT (18H NO VALUE IN TABlLE)
Ad(K,Ll) = X{(I)
AA(K,2) = Y(I)
CUNTINUE
QU 25 1 = 12
AD( 1) = AA(2,1) = AA(Y,I)
3001) = AA(3,1) = AA(1,1)
ALY2 = (AD(L)x%+AD (2 ) % %2+ AD( 1) %%x2 ) %%,5
AL13 = (BO(1)*%224BU(2)%%2+4BD(3)%%2)%%,b
A=AL1])2
B=AL13
Apg=Aax%*3
AQB=A/R

AUBZ2 =A0K*x% 2
Adb3=1./A082
ROA=u/A
BUA2=80A%% 2
Bl=1%5,/14F,
B2=3€4/25.
B3=78e¢/235,
B4=34/25,
B5=224/35.
Bo=b‘1./3‘5_.
B7T=13e/35.
B8=274/35.
B3=524/35,.
Bl10=4,/25,
Bll=11./35,
le-‘-do./BSo
B13=13,/70.
Blé=18./35,
BL5=G4/35,
Blé=¢ 4/35,
Bl17=3,/3¢%,
Bl18=34/70.
B16=22,/105%,
B820=24/35,
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26

27
30

28

200

B21=11./105,
B22=13,/1C5,
B23=13,/210.,
B24=44,/105,
BeS5=4,/225,
B2¢=24/1C5,
BR2T=14/225,.
B26=24/70¢
829=10/7U.
SUDPLA=2,+120,%ANU
SXUPLA=24+10e*ANU
ENDPLA=24+20e%ANYU
IF(KLUIZ27,264,27
Cl=080A2

C2=0.

C3=1,

C4=0.

C5=A0B2. .
DS=1./(A%R)

GO TO 28
IF(KLU4)31,30,31
SIG=((EN**2)/(H**2))*(APH**Z#BTA**Z‘(APH*BTA)+(3.*GAM**Z"
SX=( CN*APH) /H

CSY=(ENXBTA)/H.

SXY=(EN*GAM) /H
GG TO 32
SX=PX({1IM)/H
SY=PY{IM}/H
SXY=PXY{IM)/H

Sl O={OX*E2+SYR K 2= SX¥SY+34%SXY%%2) .

EFS=SQRT(SIG)

BN=NCO
ET=le/(le4{34/Te)4BNX(EFS/ST)*X(NCU-1))
ES=1a/(1e4(3e/ T4 )*{EFS/STI%RX(NCO-1))
US=(ES*F¥H¥%3) /(12¢%{1,~ANU*%2)*AH)
LOD=1.=ET/ES = .. . . :
C1=BUA2%(1e=o 75%D0D* ( SX/EFS)%%2)
C2=34%DUD%R (SX:SXY/(EF S%%2) ) *BOA
C3=1e-a75%{ (SKESY+2,%SXY®x%2) /{EFS%:%2 ) )%D0OD
Ca=34%DUD* (L SY*SXY)/EFS*%2)*A0R

C5= AUB2%(1e—o 75%D0D* (SY% %2 /FFSk%2) )

~SODPLA=1624a=((3a%SXY*%2491,5%*SX*SY)/SIG) *DAD) /C3

SXOPLA=(Te=((3e%SXY®%249,%5X%SY) /SIG)*DOD)/C3
ENDPLA={124= ({34 %SXY*%24¢1645%SX%SY)/SIG)I*DUD)/C3
D0 2C0 I=1,16

DO 200 J=1,16

G{I+4)=0.0

0(1251)=(-313% C1 ((SXDPLA/100.) %= C3) +
G{11,y1)=(-B7 * C1 Re % C3-% 24 + 83 % (5 )
Gl10s1)=(+B8 * C1 - B4 * SXDPLA * C3 - BS * C5 )
GE9,11=( 86 * C1l - B2 * C3 * 2, - Bl * CK )

G( By1)={ Bll¥ Cl + ((SXDPLA/100.) * C3) - Bl3%* (5 )

11* (5 )

G{lo,1)=(~B13% Cl1 + 01l% C3 * 2, - Bl3*x (5 )
GU15y1)=( 37 ®« Cl - B¢ % C3 *x 2, + B8 % C5 )
G{l4s1)=(+u8 * C1 Be * C3 * 24 ¢ B7 ¥ (5 )
Gi13,1)=(-86 = (1 B2 * C3 * 2, = B& * (5 )
B
)

+ + + 0
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GUTy1)=(=85 * C1 - B4 %= SXOPLA # (3 +BR % C5 )

Gleyl)=(+8>5 * Cl + B4 % C3 % 2, - p7 * C5 )
GUE,y1)=(-81 * C1 = B2 * C3 & 2, + B& * (5 )

Gl 4,1)=( B11* Cl + ((ENOPLA/100.) * C3) + Bl1x% (%)
Gl2y1)=( 35 % L1 + B4 ® SXDPLA * (3 +83 * C& )

S GizZeli=(+u3 ¥ Cl + B4 % SXOPLA % (3 +B% * (¢ )

Glly1)=( 81 * C1 + B2 * C3 * 2, + Bl * C5 )
G(1642)1=(=823%CY = ((C3/3004) * 2,) - B18% C5 )
GU15,2)=( B813% C1 = ((C3/1904) % 24) + B13% C5 )
Gllay2)=( B15% C1 +({C3/25, ) * 24) + B17% C5 )
G(1342)={(-886 * Cl + B4 % C3 * 2, -B7 * (S )

. 6l1l2,2)=(=-822% Cl + ((C3/75, ) * Zo) + B20%CE )
G(11y2)=(=-B13% Cl + ((SXDPLA/1CO.) * C3) + Bll* C5 )

G(1l0s2)=( Blékx C1 = BI1O® C3 * 2, —-RlLS% C& )

GlGy2 )=(+38 * C1 - B& * SXOPLA * (3 = p% % (C° )

Gl By2)=( B21% Cl = ((SXDPLA/300s) * C3) =-BlR% (& )
L 7y2)=(=3)1% C1l = ((SXOPLA/LOQs) * (C3) + Bl2x (& )
Gl »y2)=( B12¥ Cl = ((C3/254 ) * 24) = BY7% C= )
G592 1=(-83 * C1 - B4 % C3 % 24 + g7 % C5 )

GU 4492)=( 819% Cl + ((SXDPLA/754 ) % C3) + B20% (5
G{ 3,2)=( 811*% C1 + ((SUOPLA/100e) * C3) + BY1% (5 )
Gl2y2 1= BS9 * Cl + B1lO* C3 % 2, + Ble% C5 )
LE1Ay3)=( -B18% C1 = ((C3/300e) % 2,) = B23% (5 )
GI15,3)=C 817% C1 + ((C3/25, ) % 2,) + B15% (5)
Gtl4,3)=( B12% C1 ((C3/1006)% 24) + B13% (5 )
G(13,3)=(-87 % C1 Be * C3 % 2, -BR % C5 )
6G112+3)=(-818% (C1 ({SXDPLA/300s) * C3) + B21% C5 )
G(11,3)=(-b17% C1 ((C3/7254 ) %= 2,) + B12%CS )
G(10y3)=( 813% C1 ((SXOPLA/10Q4) * C3) ~ BYYIX (% )
Gl9ye3 )=( BT %= (¢ B4 ¥ C3 % 2, =B3 *x (5 )

Gl 843)=( Bz0%x C1 ((C3/754 ) % 24) = B22%C5 )
Gl7,3 )=(-Blhx (C)} BlO¥ C3 *x 2, +Bl4x C5 )

Gl 593)=( Bl1l% C1 ( (SXDPLA/100s) * C2) = R13% (5)
GIE,35 J=(-u5 % C1 B4 * SXDPLA * (3 + By * (5 )

GO 443)=( B20% C1 ({SXOPLA/T75¢ )} = C3 ) + BYI% (C*
G(2,3 )=( Blex CL Bl10¥ C3 % 2, +89 % C5 )
Gll6,4)=(~-B29% (1 ((C3/5900s) * z4) = B29% (5
G{1S,4)=( Bl8% C1 ((C3/3004) * Z24) + B23% C5
Gl1l4y4)=( B23% C1l {(C3/7300s) % 2,) + B18/8% (5
G(13y4)=(-813% C] + ((C3/100s) * 2, )~ B13%* C5
G(12,4)=(-B28% C1 = B27% C3 % 2, + B2& % C5 )
Gl11ly4)=(-B1l8* Cl = ((SXUPLA/300e) * C3 ) + B21% (C*®
Gl1lUy4)=( B22% C1 = ((C3/75. ) * 2, ) - B20%* C~ )

Gl 944)=( B13 * Cl = ((SXUPLA/100e) * (3 ) = pll* (5
GlRy4 )=( B26*% C1 - B27% C3 * 2, - B28 % C5 )
GUT794)=(-B20%C1=(24/754)%C3+B22%C5)

GU by4)=( B21% C1 = ((SXDPLA/300.) * C3 ) = HIR *(C°¢)
Gl Hy4)=(=b11%C1 = ((SXDPLA/100s) * C3 ) + B13%C% )
Gl4s4 I=( B24% C1 + B25% C3 % 2, + B24 % C5 )
G(E45)=6(1,1)

GlEYE)==(G(2,1)

Gl745)= G(3,1)

GlEy5)==G(4,1)

QléEy€E)=G(2,2)

GlTy6)==G(3,2)

G(B,f‘)= ()(4'2’

~—

LI I S |

+ 4+ 4+ + 4+ o+

+
— - —
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%

G(?v?)z G(3v3)
GlBy7)==G(4,3)

GlBy8)= Gl4,44)

G(9,9)= G(1,1)
G{10+9)=G{2,1)
GE1)29)=-GA3,1) . .
G(1249)==G(4,1) :

G(10,10)= G(2,2)
(11,101==G(3,2)
0(12,10)==G{4,2)

Gl1l,11)= G(3,3)

G(12,11)= G(4y3). -
l12412)= G(4,4)
G(13,13)1=6(1,1)
Gl14,13)==G(2,1)
GE15413)==G(3,1)

G{164,13)= G(4,1)

6ll4y,14)= G(2,2) e

G{15,14)= G(3,2)
Gl1l5,14)==G(4&,2)
Gl15,15)= G{3,13)
{16415)==G(4, 3)
G(16415)= Gl4,4)
G(9:,5)= _GI13,1)
G(10,5)=G(13,2)
G{1145)==G(13,3)
501245)==G(13,4)
G(Sy6)=Gl14,y1)
Ll{10y5)= G(1l4,2)
O(11le4A)=-GAA4,3)
Gll1246)==Gl14,4)
G(9yTI==G(1%,1)
Gl10,s7)==G(15,2)
Gl1lls7)= G(15,3)
G(12,71=5(15,4)
G{G9s8)=-G(LléEs1) _ __
Gl1048)==G(16,2)
G(11l:8)= G(16, 3)
G{12,8)= G(1l6,4)
G{13,5)= G(9,1)
6014,5)==G(G9,2)
OGl1845)==G(9,3) ... .
Gl1€9y51= G(9y4)
G(13,5)==G(10,1)
G{l4,5)= G{10,2}
Gl1546)= G(10,3)
G{16,5)==G110,4)
G{1397)=-G(11ly1)
6(1497)= G(llyZ)
GU154y7)=4G1(11,3)
15y 7T)==Gl11,4)
G(l3t3): Glil12,1)
G(14,8)==G(12,2)
G(15:+8)==-G(12,3)
G(1648)= G(12,4)
G(1348)= G{5,1)
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210
245

250

257

Gll4,9)= G(5s1)

G(15,9)==G(Ts1)

5(15,9)==G(8y1)

GE13,10)= G(5y2)
G(14,10)= GlEr2)
Qf 15:.10)"9(7) 2)
Giide101==GiRy7)
Gll3911)==G(5y3)
Gll4a,11)==GlbGy 3)
Gl15411)= G(T,3)
Glloyl1)= G(8y3)

L£013:12)0=-G{%44)

Gl 1"1'12’=-U(-594}
GU15412)= GUT44)
Gla,12)= GL8y %)
DU 219 J=1,16
DO 210 I=4,156
GlJeI)=G(1sJ)
DU 250 I=1,16

U 250 J=1,10
AKG(TI¢Jd)=G(14d)%DS
[F(KLU)I25T4250,4257
[F{SXY)2584256,258

.. 258 .DQ 3239 1=1,1¢

350

DU 350 J=1l,16
G(l'J,=Oo
Gley2)1==C2%e25
Gl592) == 1% (C2+C 4}
Gl2y3)==425%(4
Glayl)= o Ll¥(C2+C4%)
G{5y3)==-e5%C4
G(5y4)==e1%((2+C4)
Gley3)=G(4,1)
GlLya)=e05%C2+(14/60e)1%C4
Gley€)==G1242)

GUTe1)==0G(5,3)

GlT742)=Gl4a,l)
Gl746)1=G(3,2)
G(707)=—G(393)
G(By11=G{5,4)
Ll By2)==0G{644%)
GlRyE)=G(4,1)
Gl Gy2)=—e5%C2
GlQy4)= G(5,4)
G(9y6)==G(G,2)
Gl9,7)= G{5,3)
G(SyR)I=G(4y1)

GL1041)==G(G2)

G(1043)=6(4,1)

G(l0y5)= G(9,y2)

Gl10y5)= =GI2,2)

GL10,7T)= G324 2)

GllusR)= Gléy4)

0(10,10)= -G(£,2)
G(11,2)=Gl4,1)
Gllls4)=(1e/€60e)%C2+,05%C4
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360

..32Q.
256

G{11,5)= ~G{(5, 3)
Glll,6)= G(3,2)
GEY1,7)= -G(3,3)
Gllle3)= =G(1l,4)
G(11910’= G(3v2’

G(11,11)=-G{(3,3)

GL12,1)= G(5,4)
Gl1243)==G(11,4)
Gl1245)=G(4,1)

G(12,6)==G(5644)
6(1297)= G(lly4)

Gl12y3)=-(1a/1204)%(C2+C4) _.

6112,9)1=G(4,1)
G(1342)==G(9,2)
Gl13,3)==G(5,3)
G(13+4)=G(4,1)
Gl{l3,4)= G(9,2)
Gl13y8)= G(5,4)
6G(13,11)= G(5,3)
Gl134,12)= G(5,44)
Gl1l4y1)= G(9,2)
G(lay2)= Glcy2)
Gll4a,3)= G(3,2)

GL1444)==G1644)

Gl1445)==G1G,2)
Gl14,7)=0614,y1)

GU1l4,11)=Gl4,1)
G(1l4412)= G(644)
Gll4y14)= G(2,2)

L 6l15,1)= G(5,3)

G{15,2)= G(3,2)
G(1543)= G(13,3)
G(1544)==G(11,4)
Gl1545)=G{4,1})
Gl1548)= G(11,4)
GE15473)==G(5,3)
G(15,10)=0G(4,1)
Gl15,14)= G(3,2)
GU15,15)= G(3,3)
G(16,y1)=G{4,1)
G(1602)= G(by4)

L016.3)=60(11,4)

G(1614)=-G(12v8)
Gll645)= G(544)
Gl1647)==G(11,4)
Gl1649)= G{5,4%)
G{164y10)==Gl64y4)
GU16913)=G(&,1).
DU 300 I=1,16
DO 360 J=1,416
Gllsd)=60J,yI)

DU 320 I=1,16

DO 320 J=1,16
AKG{ Ls J)=AKGI T +J)#DS%G(] 4 J)
CUNTINUE
RETURN
END .



12
16
14

20
23

25

260

SUBROUTINE MSTIF

CCMMON JI4JT9XyY43ADBD,JD,LCCCOLCyAA
CCMMGN JIToNBNDyCyAKGyIMyNJTS,ANU,LIN
CCMMCN EoheESyET KLUJAPH,BTA,GAMHEN
CCMMON DEN¢NCOS7,IBUC KLU

COMMON PX PYPXY  USXyDSY,LDSXY,SMAX
DIMENSION JI(4)aJT(81) X (8L),Y(81),JI1(64y4)
DIMENSION NBNC(R144),L0COL(16),6(1€41€)
DIMENSION CU11325),AA(4,3),AD(3),8D(3)
CIMENSION JD(4),AKG(16y16)

DIMENSION PX(50),PY(5C),PXY(5N)
CIMENSION DSX(57),DSY(EC),DSXY(5C)
TABLE LCOKUP FOLLOWS

BC 20 K = 1,LIN

CC 12 I = 1,NJTS

IF(JTCIN=JIT( IMyK)) 12414,12

CONTINUE

WRITE(6,1€)

CALL EXIT

FCRMAT (18H NO VALYE IN TABLE)

AA(K,))Y = XUIT)

AA(K,2) = Y(I)

COCNTINUE

CC 25 1 = 1,2

ACLT) = AA(2,1) - AA(1,I)

BELT) = AA(2,1) - AA(L1,D)

ALl2 = (AC(1)*%24AD(2)%%x2+AD(3) %%2) %%, 5
AL13 = (BD(1)*%2+4BD(2)%x24BD(3) *42)%%,5
A=AL)2

B=AL13

AF=A%B

ACR=A/B

ACB2=ACB%*%*?
ACB3=1,/A01B2
ECA=R/A
BOA2=RNA%%X2
DC 260 1I=1,1¢
DC 260 J=1,1¢
G(1,J)=0C.C
C1l=1872.
L2=15¢6.
C3=208,
C4a=2¢4%,
CE€=22.
Cé=48,
C7=884/3s
CB8=4,
€S=16./3,
C10=52,
Cl11=22./2.
Cl2=4,/2,
C13=¢649,
Cl4=54,
Cl15=112,
Clé=72,

144




41
43

42

40
283

284

285

Cl7=52./2.
C18=3¢,

Cl19=3,

C2C=18.
C21=13./2.
C22=1, . .
TF{KLU4Y4),4C,41
TFIKLUY42,43,4,42
SX=(B/A)%PX(IM)
SY=(A/B)%*PY( M)
SXY=PXY(IM)

¢cc T 288
SX=(B/AYXPX{IM)
SY=(A/B)«PY(IM)
SXY=PXY{ IM)

GC TO 28¢
IF{KLU)284,282,284
SX={B/A)%APH
SY=(A/B)*BTA
SXY= GAM

CC 1O 285

SX= (B/A)*APH*EN
SY=(A/B)*BTA%EN

G(9 44

SXY=GAMXEN

G{ly1 J¥=SX * C1 + SY % D1

G(2s) )=SX % L2 + SY % D4

G{2y2 ¥=SX % 3 + SY % D¢

G(2,1 )=SX * D& ¢+ SY *x D2

G(3,2 )=SX ¥ C5 ¢+« SY % D5

G(3,3 )=SX * D6 + SY % D3

Gl{44]1 )=SX * C5 4+ SY %x DS

G(442 Y=SX %= C7 + SY * D8

G(443)= SX*¥CB8+SYXD7T

Gl444 )=SX %= ['9 + SY *x D9

G(541 V1=SX*(~-Cl)+ SY % [C13
GI5,2 )=SX¥(=D2)+ SY * D2

G{542 )=SX%{=-C4)+ SY % D14
G{5y4 )=SX((~-DS)+ SY * D1S

Gl6y1 )=SX * [C2 + SY *(=D2)
G(6 2 )=SX¥(-D10)+SY *(-D18)
G(6 42 )=SX * D5 + SY #(-D15)
Gl6 y4 )=SX*(-D11)+SY ¥*(-D019)
GLT7 41 )=SX*¥(=D4)+ SY * D14
G(T +2 )=SX*¥(=D5)+ SY % D15
G(7 43 )=SX*¥(-F6&)+ SY * D16
G(7 44 )=SX%(=08)+ SY * D17
G(B 41 )=SX * CS + SY #*(-D15)
G(8y 2 )=SX%(=-D11)+ SY*{-D19)
G(8 43 )=SX & C8& + SY *(=D17)
G(B 44 )=SX®(=C1Z)+SY #(-DB)
GIS o1 1=SX #% D13+ SY *(-DI1)
G(9 42 )=SX % C144 SY #*(-D&)
G9 43 )=SX * D2 + SY %*(-D2)

4 )1=SX % D15+ SY_*(-D5)
G(10,1 )=SX * Cl4+ SY *{-D4)
G(10y2 )=SX % D16+ SY *(-D&)
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G{10,y43 )=SX % N15+ SY *{-D5)
G(10,4 )=SX * 017+ SY %{(-=D8)
G(l1l,) )=SX*(=-CZ)+ SY % 2
G(1lly2 )=SX*{-D1%)+SY * D5
G(11,3 )=SX¥(-D18)+SY *%{(-D10)
G(lly4 )=SX*(-C108)+SY %(~-D11)
G{12y1 )=SX*(=C15)+SY % N5
611242 )=SX*(-D17)+4SY % DR
6{12,3 )=SX*(-D19)+SY *(-D11)
G(12,4 )=SX*(-CEI+ SY %(-D12)
G(13,1 )=SX*{-C12)+SY %(- D13)
G(13,2 )=SX*(~D14)+SY %(~D2)
G{13,3 )=SX%(~-C2)+ SY %*(-D1l4)
G{13,4)==SX*C)1E~-SYXD]5

G(l4,1 )=SX * D14 + SY % D2
Cl{l4,2 V=SX%(-D20)+ SY * DIA
G(l4,43 )=SX * 015 + SY *x D15
G{14,4)=-SX*C21-SY*D]9
G(15,1 )=Sx % C2 + SY % D14
G{1542 )=SX % C15 + SY % D1%
GL1543 )=SX % 018 + SY *%(=D20C)
Gl15,4 )=SX % 019 + SY %(-D21)
G(1641 )=SX%{-D1%)+ SY *(-D15)
G{1642 )=SX % D21 + SY %(-D19)
G(1643 1=SX%(-013)+ SY x%D21
G(16y94 )=SX * [22 + SY % D22
G(595)=G(101)

Gl€Ey5)==G(2,1)

Gl7+5)= G(3,1)

G(89y5)==C(4,))

Gl6y61=G(2,2)

Gl7461V==-C(2,2)

Gl8y6)= Cl4,2)

G(T,7)= G(2,2)

G(8y,7)==G(4,2)

G(8y81= Gl4,4)

G(9,9)= C(1,1)

G(10,6)=G(2,1)
G({11,5)==-C(3,1)
Gl12,5)=-G(4,1)

G(10,410)= G(2,42)
G{1l1,10)==G(2,+¢)
G(124,10)==G(4,2)

G(11l,21)= G(2,2)

G(12,11)= G(4,2)

G(12,12Y= G(4,4)
Gl13,12)=G(1,1)
G(1l4,y13)==-G(2,1)
G({15,12)==G(2,1)

6(16113’3 G(‘O,’)

G(l4y34)= C(2,2)

G{15414)= G(3,2)

G(1lé, 14)==Gl4,2)

Gl15415)= G(2,2)
G{l6y15)==G(4,2)

G{1l6418&)= G(4,4)
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G(9,5)= G(13,1)
G(10,5)=G(13,2)
6G(11,5)==-G(13,3)
Gl1245¥==G(12,4)
G(S+6)=G(14,1)
G(10,6)= CG(14,42)
G(lly6)==-G(14,2)
G(1246)==G(14,4%)
G(9y7)==G(15,1)
G(10,7)=~G(15,2)
G({11,7)= G(15,2)
G(12,7)=C(15,4)
G(9,8)==G(1¢,1)
G(1C,8)==G(1€&,2)
G(11,8)= G(1¢&,3)
G(12,8)= C{1¢€,4)
G{13,5)= G(G,1)
Gll4,5)==G(9,2)
G(15,5)==G(9,2)
G(l6+8)= C(9,44)
G(13,6)==G{1C,y1)
G(l4,€6)= G(10,2)
G(1546)= G(1C,?)
G(1646)==G(1Cy4)
G(13’7’=“G(1111)
G(1497)= 6(1112)
G(15,7)=4G(11,3)
Gl16,7V==G(11,4)
G(13,8)= G(lZy’)
6(14,8)=-G(12,2)
Gl15,8)=-6G(12,2)
G(1l6,8)= Cll1l2,4)
G(13v9)= G(Svl)
G(14,9)= G(¢&,))
G(1548)==G(7,1)
_611649)==G(8,1)

f
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G(13,100= G(5,2)
G{14,10)= G(€&y2)
G(15,10)==G(7,2)
G(16410)=-G(8,2)
G(13,11)==G(5,3)

Gl1l4,11)=-G(6,2)

G(15,11)= G(7,2)
G(16v11)= 5(813)
Gl13,12)==G(5,4)
G(14y12)==G(€44)
C(15912)= G(744)
G(16412)= G(8y4)
CC 270 I=1,16
0C 270 J=1,16
GlIyJ)=GlJ,1I)
CO 310 I=1,16
CO 310 J=1,16

AKG(1,J)==6G(1,4)/4200, . . __

IF{SXY)211,212,311

311 CC 330 1=1,1¢
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CCC 330 J=1,16

330

. Gi{l2,8)= 1.[1800.".M

G{I,J)=0,C
G(l,1)= &5
G(3y2,= oC2
G(4,y1)==,C?
Gi5+3)= 1
G(Ss4)= 02
G(595)==,%
Gl6,43)==,02
C(6494)=-(1e/2CC,)
G(T,1)=-,1
G{T92)=-402
Gl746)= 402
G(B8yl)= 402
C(84y2)V=-G(6,44)
G(8y5)==4C2
G(S9,2)=41
G(9'4,=on2
G(SeS5)= &5
G(G,6)==-,1
G(S,7)= L1
G(9'8,=-002
G(Sy9)==,F%
G(10,1.>=-—.l
G(l10,2)==,02
G{1N,S)= L}

Gl1046)==(14/6N,)
G{ 1097’= 072
G(l04s8)= G(€&,4)
Glll,y2)==402
G{ll,4)= CGlE,y4)
G{l1l,5)= =,1
Glll,61= ,02
G(1l),7)=G(10,6)
Gl11,8)==G(k,y4)
G(ll,101= ,L02
G(12,1)= ,C2
G(1242)==G(€,4)
Gl(l12,5)=-,02
C(12,6)1=-G{£,44)
G(124,7)= Gl6,44)

G(l245)==,02

G(13s1)=-,%
G(l13,2)=-,1
G(13,3)=-,1
G(13,4)==4,C2
Gl13,6)=.l

G(13,8)= .02
G(13,11)= L1
G{13,12)= 402
G(l3y13,= 5
G(l4,1)= L1
G(14+2)==G(1Cs6€)
G(14'3)= 02
Gllay4)==Gl644)
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360

320
312

G{l4,5)==41
Gll4yT)=-402
G(l4,11)==,072
G(l4,y12)= G(E,4)
G{1S,Y)= o1
G(1542)= L,02
G(15,2)==G(1C,6)
G(15,4)==C(€E,44)
G(1548)==e0N2
G({154,8)= Cl£€,4)
G{15,9)=—401
G(15410)==,n2
Gll5,14)= L02
G{l6yY)==eN2
G(l642)= GlF,4)
Gllhy23)= GlE,44)
G(l644)==G(12,8)
G{ léys‘z N2
Gll6y7)==Gl644)
G{l6,G)= N2
G(16410)==G(€y4)
Gll6412)==,02
CC 360 I=1,1¢
CC 260 J=1,1¢
G(l,J)=GLJ, 1)

CG 320 I=1,1¢
CC 220 J=1,1¢

AKC{I,3)= AKGUTI,J)+SXYRG(I,4J)

RETURN
END
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20
19

21

EIGENVALULE PRUGRAM

SUBROUT INFE
CCVMMON gt
CCMMCN U111
CCMMON EL ¢
CCMMGN DEN
CCMMON PX,
CIMENSICN
CIMENSION
CIMENSICN
DIMENSION
CIMENSICN
CIMENSIUN
CC IR I=1,
Ltacortny=ec
CONTINUE
NC 19 TA=]
[C=011C IV
Co 20 IH=1
[C=4%( 1A=
LCCOL(IC)=
CONTINUE
CCNTINUF
£C 21 I=1,
CC 21 J=1,
[F(LOCOL (Y
IF(Locoet!
KRCW=MAXN(
KCCL=MINN(
INDEX=(KRO
CUINDEX)=C
CCNTYINUE
RETURN

ENC

STACK
JT e Xy Yy AL BCyJNyLOCOL,CyAA

s NANT y CyAKGy IMyNJTS ANU,LLIN

s ESyFT KLUJAPHBTAZGANGEN
+NCO STy IBUC y KLU
PY PXY LSXyDSY4DSXY,SMAX
JICAY 3 JTIBI) o X{ ALY, Y(81),,JII(E4s4)
NRND(S31,4),L0CHOLIELEY G(YIELLED
Cl1Y32E8),AA(4,3),AD(3),80(1)
JN{4) yAKG(Y6,416)
PX{57)yPY(S5C)PXY(5T)
DSX(SN) ¢DSY(S50) 4DSXY(59)

16

oL IN

y14)

4

)+ 1B
NBNDCTD,I8)

16

I

V) 21,21,22

)Y 21,21,23
LOCOLII) LOCCLLID)
LOCCL(T)LOCCLLI))
WEX2-KROW) /72+KCOL
{ INDEX ) ¢AKG(I,J)
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55
205

SULBROUTINE SCRIBE

CCMMCN JIQJTvavyAﬂvBDvJDvLUCCL7CvAA
CCMMON JITyNBND yGyAKGy IMyNJTS,ANU,LIN
CCMMON FyHyFSyETyKLUyAPH,3TA,GAM,EN
CCMMCN DEN,NCN, ST, IBUC KLU%

CCMMCN PXyPVYoPXY, I'SXyDSY4DSXY, SMAX
DIMENSTON JT(4) 3 JTURY) ¢X(81),Y{(BL)yJII{Fb,4)
DIMENSICGN NBND(R1,4),L0OCOLI1A)4G(15,1¢)
CIVMENSION C(1122%),AA(4,3),A0(2),80(3)
CDIMENSTION JD(4) 3AKG(LE1E)UL159),V(150)
DIMENSICN CA(150)48BX{150),d(150),Q(150)
CIMENSION PX(597)4PY(5C),PXY(5N)
CIMENSINN DSX(50),DSY(50),DSXY(5N)
LIMA=]

LIMR=

DC 55 I=1,18uUC

WRITE(64205) 14(CUJ)yJ=LIMA,LIMB)

LIMA=L IMA+]

LIMB=LIMR+[+]

CONTINUE
FORMATILIXy1342XyRE16eB8B/6X 5516687 (6X92E1648))
RETURN

ENC
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100

110
120
130
160

170

140

130
200

SUBROUT INE DAGGER(AyMyPyKOsQ)

UDIMENSION A(1),P(1),Q(1)
DOUBLE PRECISION SUM
COMMON /SUMMER/ SuM
EQUIVALENCE (SUN,SuUM)

K = KO

KL = K + 1
L=1
tL =0

CALL PRELIM(P,1,A,1)
DO 139 I = 2,K1

SUM = 0.D0

CALL DUT(L)

IF (K- L) 100,120,100

LL = LL + L

LJ = LL + L

DO 110 J = [4K

SUM = SUM + A(LJII*P(J)
Ld = L4 +J

Q( I-1) = SUN

L =1

SUM = 0,.,D0

Do 110 I =1,
SUM = SUM + P{
A{LL+1) = Q(1)
LtL = LL + 1
A(LL) = SUN

IF (M - K) 140,2000149
CALL PRELIMIPKyA(LL*1},0)
D3 199 [ = K14M

SUM = 0,D0

LL=LL+I-1

A(LL)=DOT(I)

CONT INUE

RETURN

END

K
[)+Q(1)
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$IRFTC FACTOR LISTsM94/2sXRT
SURROUTINF FUTILF (AN SCORF)
DIMFNSTION A(1) ' ) -
T T COMMON /OPT1/ NETERM
COMMON JOVFEL M/ DVFLON
CPOURLE PRECISIAN SUM
__COMMON /SUMEFR/ UM - e e e

DATA CATCH/01NNDONN
FOUTVALFNCE (SN 4 SUIM)
INTFGIFR SCNORE o
CSCORF = 0O

K1 o= 1
KK = 0
N 21N ¥ TN

KK = KK + ¥
CALL PRELIMIA(KL) s¥=13A(K1)+0)
T = kK

NS 147 1 = KeN

SUM = =A(TK)

IF (I = K) 120,1004120
MENOY = =DOT(T1)

DETERM = DENOM % PETERM
CTF (DTNOM) 98059805119
DENGM = =SQRT(DFNOM)
ATIK) = =DFENOW

120

130
140

GO TO 130
CAalL DOT(I) -
A(TK)Y = SUM / DFNOM
TK = TK + T
CONTINUFR

K1l = K1 + K

210
220

220
980

TONTINUF

TF (AND(OVFLOW S CATCH) ) 22052305220

SCORFE = 1
OVFLOW = 0.
RFTURN
SCORE = =1

RETURN
=SNTo}
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SUBROUTINE SWITCH(A M)
DIMENSION A(1)
N = [ABS({M)
[F (N - 2) 190,192,90
90 L = (N*(N+1)) /7 2
KEY =1
LOCK = N/2 + 1
IF (M) 100,190,160
100 IF (N - 3) 110,140,110
110 KKT = 3
NKF = N -
IMAGE = L
INTO = L - 3
I = 3
D) 130 K = 2,L0CK
DO 120 IK = KKT,NKF
X = A(IK)
A{IK) = A(INTO)
ACINTI) = X
INTU = INTO - 1
1201 =1 + 1
KKT = NKF + K
NKF = NKF ¢+ N - K
IMAGE = IMAGE - K
INTD = [MAGE
130 I = K
140 IF (KEY) 150,190,150
150 KEY = 0
160 LOVZ2 = L /7 2
K =L -2
DO 170 1
X = A(I)
Al1) AlK)
A(K) X
170 K = K - 1
I+ (KEY) 180,19C,180
180 KEY = 0
GO TO 100
190 RETURN
END

1

= 3,L0V2

[T ]
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BIRFTC TRISYS M94/24XR74NODECK

C HOUSFHOLDER TRI-DIAGUNALIZATION ROUTINE FOR KEAL SY#METRIC MATRICES.

C FOLLOWED BY STURM=SEQUENCE COMPUTATION OF THE EIGENVALUES. PROGRAM

C SHOULD WORK FOR ORDERS UP TO 1000 AT LEASTs INCLUDING 1 AND 2y BUT IT
G IS AIMED PRIMARILY AT LARGE ORDERSe AN ATTEMPT 1S MADE TO USE SCRATCH
C TAPES ABOUT AS =CCNOMICALLY AS PUSSIPLEs AMD ITNNFR 2RUDUCTS ARF ACCUM=
C ULATED IN DePe TO ACHIRVE HIGH ACCURACY.,

c

c

SUPROUTINE EIGSYM(AoNO9NUM8€K:ASIZEoR;PonUoVoMISS)

N

DIMENSTON A(1)sQ(1)sU(1VsV(1)ses(1)sP(1)
DOGUBLE PRECISION PySUMsPI

INTEGER ASTZE

FQUIVALENCE (SUM»SUN)

INITIALIZF,

SNAES!

CALL OVERFLI(TI)
N = TARS(NO)
N} N -1

N2 N - 2

TEST TO SE£ IFf MATRIX 1S5 ALREADY IN CORE,

SO ES!

IF (NUMRER) 7042000480

NOe REWIND TAPESs SET THE INUICATCRS INCOKE AN KoYs AnD AFAD IN THE
FIRST ROW OF MATRIXe THE ARRAY A IS USED TO HOLL AS MANY ROWS AS
POSSIBLEe AT EACH STEP THE FIRAT ROW Ix CURE 1S5 ELIMINATED AND ONF
OR MORE NEW ROWE 8ROUGHT IN UNTIL ALL REMAINING <GWS ARE Ik COKE.e

ANONANS A NG

TG REWIND
REWIND
REWIND
INCORE
KEY = 0
READ (2) (A{I)s I = 1sN)
GO TO 90

[{ I SEREV RN

YESe SET THE INDICATOR INCORE AND ODEFINE THE INDICES WHICH DESIGNATE
FIRST AND LAST FELEMENTS UF FIRST ROW IN COREe. THE ARRAY A ALWAYS
HOLDS -THE ENTIRE MATRIX AND AS EACH RUW IS ELIMINATEDs IT IS xE-
PLACED BY THE CORRESPONDING Ve

80 INCORE = 0
w2K?2 =1
KZ2N = N
90 NUMMER = TARS(MUMBER)

TN NN N

c NISPOSE OF TRIVIAL CASES.

IF (ASIZE = N = N1) 10N,110s110
100 MIS8S = 1
RFTURN
110 IF (N2) 12091254130
120 R(1) = A(1)
GO TO 750
125 U(2) = O
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NN DN

e e NeNa A YA RS RS R AR A KA

DN

N

INCORE 0 MEANS THE (REMAINING) MATRIX FITS IN COREe INCORE = 1 MIANS
THAT SOME RGWS ARE STILL UN TAPEe

IF KFY = O (K EVEN) READ T2 AND WRITE T3e RrVcRSEt IF KeY = 1 (K ODD)e

M 1S NUMRER OF ROWS (STARTING WITH K+1) WHICH rlT IN CORZe LIM [S THE
INNFX OF LAST SUCH ROWe EVENTUALLY LIM REACHES Ny AMD THEREAFTER
READING AND WRITING AKE SUPPRFSSED,

MKl = N
= LIMIT(NsASIZF)
LM = N=X

MAJNR LOOP. FXCEPT FOR K = 0 AND K = N=2y THF KTH STE® COMPLETES STAGE
K OF THE HUUSEHOLDER ALGURITHM AND BECGINS STAGE K+le K = 0 PREPARES
FOR STAGE 19 AND K = N=2 (VIRTUALLY) COMPLETES THE ALGORITHM,

IF K TS GeTe N9 THE LOOFP STARTS WITH P UPPER K AND V UPPER K STORED IN
Q(K+1)eesW{N) AND U(K+1)esell(N)e THE 1ST K DIAGONAL ELFMENTS ARE IN
(1) eeeQ(K)s WITH OFFOIAG FLEMENTS IN U(1l)eseU(K) AND THEIK SWUARES
IN V(1)eesV(K)se ROWS K+leesil UF A UPPER & ARE STURED IN CURE ARD» IF
NECESSARYs UM TAPEe [F L I35 THE 1ST K=VALUE FOR WHICH <OWS L+leeeN
FIT IN COREs THEN A UPPER K STARTS IN A(l) FUK K LeTetfs Lo AND IN
AC(K=L) (N=L) = (K=L)(K=L=1)/2 + 1) FOR K GeTe Lo

NIX = Os RBUT A POINTLFSS PHUVISIUN OF FURTRAN IV PRUHIRITS EXPLICIT O

NIX = 0

PO 697 K = NIXeN2
K1 = k2

kK2 = K3

K3 = K + 3

NK = NK1

NK1 = NK -1

M = NFXTM

TEST TO SEE IF ENTIRE (Re“AINING) ~#ATRIX FITS IN COKE

IF (INCORE) 22709140915C
YESe IF K GeTae s FORM TAUs Qs AND NEW Ae IF K = 0s SKIP.
140 KIK1 = K2K?

KIN = K2?N

[F (K) 20035+2504200

NOes TRY AGAIN NEXT TIME

15C INCORF = N -~ LIM
KIN = NK

IF K = Dy RFAD IN (AT LFAST) EARLY ROWS INTO UPPER TRIANGULAR A«iAYe

TF (K) 290041604180
160 17T = N + 1
IN = N + N
RO 1709 1 = 24L1IM
READR (2) (A(TJ)Ys IJ = IT9IN)
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NN

YOO N

IT = IN + 1
170 IM = IN + N =
GO TO 250

NOW SKIP TC FORMATION OF NEw SUMs Vs ALF, AND P

IF K IS GeTeOs FORM TAU ANU GET. '@ (FROM. OLD P AND Vs NOW IN @ AND u

I[F MATRIX FITSs DON'T FRET ABOUT TAPES 2 AND 3,
CTHERWISE GET SET FOR MORE READING AND WRITING.

180 TF (INCORE) 200042005190
190 REWIND 2
REWIND 3
200 SUM = 04,DO
PO 210 T = K14N
210 SUM = SUM + Q(I1)*U(I)
TAU = o5 % ALF * SUM
DO 220 1 = K1sN
220 Q(I) = Q(I) = TAU*U(T)

CONVERT ROWS K+leeoLIM TO ROWS OF A UPPER K+1

IT = ©lKl

TN = KIN

PO 247 1 = K1ls4LIM

J =1

DO 230 1J = I1,sIN

ACTJ) = A(TJ) = Q(TI)*U(J) - QUIy*u(1)
230 J = J + 1

IT = IN + 1
240 IN = IN + N = I

IF K = N-2s NO'NEW SUiMs Vs ALF> ETCe ARE NEEDED. KICK OUT AND MOP UPe

-250 SUM = 0,D0

K1K? = K1K1 + 1

IF (N - K2) 200046904260
260 DO 270 1J = K1K2sKIN
270 SUM = SUM + A(IJ)*A(1J)

Q(K+1) = A(KI1K1)
V(K+1) = SUN : el
UCK+1) = SQRT(SUN)

IF SUM = 0, ROW K+1 ALREADY CONFQRMS TO TRI-DIAG FORMe MAKE SPECIAL

DEFINITION OF V AND ALF.

IF (SUM) 200052805290 . . : e - R S

280 V(K+2) = 1,
ALF = 2,
GO TO 320

ORDINARY DFEFINITION OF V AND ALF.

290 IF (A(KIK2)) 31093105300

300 UlK+1)
310 V(K+2)

-U(K+1)
A(K1K2) = U(K+1)
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ALF = le / (VIK+1) + ABS(A(KIKZ2)#U(K+1)))
320 J = K1K1 + 2
...... NG 330 T = .K34N
Vi) = A(J)
330 J = J + 1

C IF MATRIX WAS INITTALLY IN COREs STORE V UPPER K+1 IN K+l ST ROW OF A

IF (NUMBER) 33620005333
333 A(K1K1) = ALF

A(K1IKI+1) = V(K+2)

GO TO 440

N

OTHFRWISFs WRITE V UPPFR K+1 ON TAPE 4.

A}

336 WRITZ (&) ALFs (V(I)s I = K2sN)

[F MATRIX FAIL TO FITs ELIMINATE ROW K+1 (NOW SURERFLUGUS) AND MUVE
OTHFR ROWS FORWARD TO MAXKE ROOM FOR 1 OR MORE NFW RXOWSe

AN N

IF (INCORE) 200054405340
340 LK1 = NK + 1

MOVE = Il - LK1
J = LK1
DO 350 I = 1.MOVE
ACTY = A(LJ)
350 O = J + 1

11 = MOVE + 1
IN = NK + MOVE - M

UPDATE LIMe BRING IN NEW ROWS AND CONVERT TG ROWS OF A UPPER K+l

n N

NEXTM = LIMIT(NK1sASIZF)
LTMINC = LIM + 1
LTM = K1 + NFXTM
NO 430 I = LIMINGC,LIWM
360 IF (KEY) 200093709380
370 RFAD (2) (A(TIJ)s TJ = I19IN)
G0 TG 390
380 RFAD (2) (A(IJ)s [J
290 1F (K) 200Us4209400

I1sIN)

400 J = 1
DO 410 TJ = IT1sIN
A{TJY = A(IJ)Y = QUIYy*ULJ) = Q(JIY*UI(T)
410 J = J + 1
420 11 = IN + 1
430 IN = IN + N - 1
K?2K2 =1
KON = NK1
GO TO 450

440 K2K2 = KIN + 1
KP?N = KIN + NK1

C
C COMPUTFE POSITIONS K+2eeeLIM OF AV AND SUM UP TO LIM FOR THE LATF POSI-
C TIONSs IF ANYe AT STEP Is ITH ELEMENT OF AV 1S CCMPLETEDs AND EFFECT
C OF COLUMN 1 ON FLFMENTS I+leeeN IS TAKEN INTO ACCOUNT.
C
450 171 = W2K?2
IN = K2N

DO 460 1 = K2 4N
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DN NONN

ANA

460 P(I) = 0eDO
DO B5GG I = K24LIM

J =1
DO 478 1J = I1.IN
PLI) = P(I) + A(IJ)*V(J)

470 J = J + 1

IF (N = 1) 200095009480
480 IT1 = 11 + 1

J=1 +1

PO 490 T1J = IT114IN ,

P(J)Y = P(J) 4+ A(IJ)*V(])
460 J = J + 1

1T = IN + 1
500 IN = IN + N = 1
[F SOMF ROWS ARE STILL ON TAPE, READ THEM INsy 1 AT A TIME. FACH ROW IS
CONVERTED (IF K GeTe O's THEN USED IN CALCULATION OF AV, THEN PUT ON
THE OTHER TAPL TO MAKE ROOM FOR THE NEXT ROW.
IF (N = LIM) 200046604510
510 11 = 1
IN = N = LIM
LIMINC = LIM + 1
DO 640 I = LIMINC,N
IF (KEY) 220045204530
520 REZAD (2) (2(IJ)s 1J = I14IN)
GO TO 540
530 READ (3) (2(1J)s I1J = 114IN)
540 IF (K) 2007+570+550
850 J = 1
DO 560 1J = I1yIN
BIIJ) = B(IJ) = QUI)N*U(J) = Q(J)*U(])
560 JU = U4 + 1
570 J =1
DO 580 1J = 1I1sIN
PII) = P(I) + B(I1J)®V(J)
580 J = J + 1
IF (N = 1) 2000s6109590
590 J =1 + 1
ITY = 11 + 1
PO 600 IJ = I11sIN
PlJ) = P(J)Y + B(TJ)*®V (1)

600 J = J + 1

610 IF (KEY) 25009620630

620 WRITE (3) (B(IJ)slJ = IIsIN) , e
GO TO 640

630 WRITE (2) (B(IJ)sIJ

640 IN = IN = 1

650 KEY = 1 = KEY

660 CONTINUF

IIsIN)

PLACF NFW V AND P IN U AND we
670 DO 680 I = K2.N
UCT) = V(1)
680 Q(1) = ALF % P(])
690 CONTINUE

MOP 1JP BY COMPLETING ARRAYS OF DIAGONALs OFF-DIAG AND SQUARE ELFMENTS
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700
710
10

20
720

730

740
750

2000
1000

Q(N=1) = A(KI1K1)
U(N-1) = A(K1K1+1)
VIN=1) = U(N=1)}3%J(N=1)

G(NY = A(KIKI+2)

IF (Nu) T1ue20C09720

WRITE (6910G) (Q(I)s I = 1aN)

EORMAT (///7/718H TRI-STAGONAL FURM////5%Xs18H DIAGONAL ELEMENTS//(5

1X41P8B8F1567))

WRITE (6920) (UCI)s 1 = 14N1) - -

FORMAT (///5X922H SU==DIAGONAL ELEMENTS//(5Xs1P8E1547))
CaLL OVERFL(T)

GOTO (730,740 91

MTQS = 2

GO TO 1000

CALL PROPER(NSNUMMERsQsllsV sid)

MISS = 0
GO TO 1000
MISS = 3
RETURN

FND

$IRFTC POLITF M94 /2 4XR7 4NODFCK

100

200

(S 00 =

~N

1n

11

12

13
14

SUARROUTINE FPROPER (N silUABERsD9OFFDeSEFCySIGMA)
NIMENSICN D(U1)¢OFFD(1)eSFC(1)YeSIGMA(L)
CALL PRFP(NsDsSECsRQOTsLORD)

M1 = N = 1

POUND = AMAX1(ARS (D(1))+ARS (OFFD(1))sABS (OFFDINL1)I+ABS (DIN)))
IF (N = 2) 1692005100

no 1 I = 2¢N1

POHND = AMAXT1(ROUNDARS (OFFD(I=1)) + ASS (D(T)) + ARS (OFFDR(IVY))
ne 2 I = 1N

SIGMA(T) = =30UND

OFFD(I) = BOUND

LORD = O

RUTFE = 1e0

L = 0

K = L + 1

IF (K = NUMBER) 4949173

ROOT = o5 % (SIGMA(K) + OFFD(K))

DO 6 I = KeNUMBER

IF (OFFLU(K) = QFFD(L)) Teb6e7

L =1

TF (ROOT = RUTE) 89348

CALL DET

nO 11 I = KelL

IF(I —-LORD) 949510

SIGMA(]I) = RQOT

GO TO 11

OFFD(I) = ROOT

CONTINUF

RUTE = ROOT

IF (ROOT) 491294

KING = LORD

GO TO 4

IF (KING) 14416914

NO 15 1 = 1sKING




15 sIGMA(T) =
16 RETURN
END

OFFD(I)

$IRFTC OUTER MG&4 /29 XRT s NODECK
FUNCTION LIMIT(NsM)

N N T N - B = ..

K = N
L = 0
DO 100 1 = 14N
. = L + K
K = K - 1
IF (M = L) 120+110,5100
100 CONTINUE
LIMIT = N
RETURN
110 LIMIT = 1
RETURN
120 LIMIT = I - 1
RETURN
FND
$IBMAP WORKER 100sM94/2 yNOREF sNODECK
ENTRY  PREP
ENTRY  DET
i PREP  CLA* 394 THIS SECTION IS ENTERED
ALS 18 ONCE FOR EACH EXECUTION
SUB =32767817 OF PROPER. IT SETS UP THE
STD TEST ADDRESS REFERENCES FOR DETe
' CLA A
QIR =]
| o STA DIAG
l CLA 544
, SUB =1
i STA sQ
i SUB =1
'f STA sQ1
CLA 64
STA ROOT
' CLA 794
STA LORD
TRA 8t RETURN FROM PREP
l NFT SXA XR1s1
SXA XR2y2 SAVE XR1 AND XR2.
cLA =1,
STO X INITIAL VALUES
I~ 5T2 %
AXC 1s1 XR1 1S THE LOOP COUNTER AND
AXT 092 XR2 KEEPS TRACK OF SIGNS,
l sQl LDQ 0s1 B(I-1)#%2
F MP Y NET(1-2)
FRN SECOND TERM
' STO z
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DIAG
ROOT

NONZE <

NF G
STFP
INC
TEST
LORD
XR1
XR2

BADE XP

UNFLOW

UNDER

OVFLOP

RESET

CLA
F SR
FRN
XCA
FMP
FRN
FsB
FRN
ZET
TRA
TNZ
TXI
ZET
CLA
STO
STZ
TXI1
LDu
STQ
ST0
THMI
TQP
TXI
TaP
TXI
TXI
TXH
SXA
AXT
AXT
TRA
STO
CLA
ANA
TNZ
CLA
AMA
TNZ
STZ
CLA
TRA
CAL
ADD
SLw
CAL
ADD
SLW
TRA
CAL
SUR
SLW
CAL
SUR
SLw
£72
TRA
OCT
0OCT
CCT
FND

O

s 1

X

Z

CVFLOW
RADEXP
NONZFR
*+191 91
Csl

=1

X

Y
INCe291
X

Y

X

NEG
STEP

TESTels~-1

InC
#+19291
#+1919-1
SG1e140
Q2

Os1

Cs2

394

Z
OVFLOW
=171%
QVFLOP
JVFLOY
=1R316
UNDFR
OVFLOW
Z

CHECK

X
=192B8

< X

=192R8

—<

RESFT

=

=192R8

~< Il <X
fo
Nej
N
2]
@

OVFLOW
501

0

¢

0

ALT)
ROOT

DET(I~1)
FIRST TERM

NET(I)

CHECK FOR BAD EXPONFNTS
RETTER INVFSTIGATF o

CHECK FOR ZERO

OeKe SKIP A STEP.

FONA FIDF ZFRCe THECK P(I)e
FITHER WAY

RE-INITIALTZE X AND Y

AND COUNT 1 AGREZMENT.

NORMAL SITUATIUN. RE=DEFINE
X AND Y AND MAKE S5IGN
COMPARISONS

NO CIGARes X+ AND Y-,

NO CIGAR. X—= AN Y+,
SIGNS AGREF

INCRFMENT 1

REPEAT OR EXIT FRCOM LOCP.
RECORD RESULT

RESTCRE XR1 AMD XRZe

RETURN
SAVE .

OVERFLOW e
MAKE SURS THAT THF
UNDERFLOW IS IN ACe

RESTORE,
DET(I) UNDLRFLCWSe MULTIPLY

X AND Y RY 2%##]1G2 AND
REPEAT ITH STEP,

DET(I) OVERFLOWS. DIVIDE
X AND Y RY 2#%192 AND
REPEAT [TH STEP.

FRASE OVERFLOW INDICATION,
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T Ul I W O aw W e .

T T . = "y - - ..

$ IBMAP HASTEN

PRELIM

DOT

LOOP
LOAD
MULT

INC

XR1

PROLOG

ADJ

ENTRY
ENTRY
ENTRY
ENTRY
CLA
SuB
STA
CLA*
ALS
COM
STD
CLA
SuB
STA
CLA*
SUR
ALS
<TD
TRA
SXA
AXC
TXL
LOQ
FMP
DFEAD
DST
TXI
TXI
SXD
CLA3®
ADD
STA
CLA
FRN
AXT
TRA
CLA
SUB
STA
STA
CLA®
ALS
cCOM
STD
CLA
SUB
STA
CLA3*
ADD
ALS
STD
TRA
SXA
CLA

609M34 /2 yNOREF s NODECK

PRELIM
DOT
PROLOG
ADJ
394

=1
LOAD
Lot

18

LOOP

594

=]

MULT

694
=1R820

18

INC

144
XR1lsl
1y1
INC 91 gt
¥*3ke ]

*¥¥%e 1

SUM

SUM
LOOPs1ls-1
K+l gk
LOOP1
394

MULT
MULT

SUM

Osl
1ls4
344
=1

ADD
GET
4ol
18

LOOR
584
=1
MPY
694
=1820
18
INF
1+4
XR1lsl
MPY
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LOOR

Moy
ADD

GFT

SUMIE R

SUM

SUB#*
STA
LXD
TXI
SXD
AXC
TXL
LNG
FMP
FAD
FRN
STO
TXI
CONTRL
USE
SRR
USE
“ND

344

MPY
LOORs 1
H+] 9] gitH
LOCR 1
1.1

XR 19l g3t
SuUM

K%y 1
#3411

LR
LCLRs1e-1
GUNVHE R
SUMMER

2
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42

413

44

46

47

48

49

41

LISTING FOR DETERMINANT PROGRAMS

BUCKL ING UF RECTANGULAR PLATES DETERMINANT FORMULATION

CGMMON
CGOMMON
COMMGN
CUMMON
COMMON
CCMMON

JI1JT9X1Y1JII'NBNDQLUC“Lvac’AA
AD'BE'AKG,LIN.E'H'ES’IM,NJTS’ANU
KLU!SXQDSX'SXMAXvSYQDSYQSYMAXiSXY7KLU4
DSXY ¢SXYMAX yRSy QyNCOyST74JDsPXsPY, PXY
APH+BTA,GAM, EN

/DOOUDLE/KEY +KAY,VALUE

DIMENSION JI(4)4JT{65),X(65),Y(65),J11(50,4)
DIMENSION NBND(65+4)9AD(3)48BD(3),JD(4),L0COHLI{16)
DIMENSION G(16416)+sC(1259125)AA{4¢3)4AKG{16,16)
DIMENSION RS(125)4Q(125)4PX(50),PY{50),PXY(50)
DIMENSICON DSX{50)yDSY(50) 4DSXY(50)

DG 42 I=1,65

J1(1)=0
X(I)=0.
Y(r)=g.

DO 43 J=1,4

Ji(J)=0
JO(J) =0

DG 44 K=1,3
AD(K,=OO
BD(K) =0.

DG 45 L=1,16

LCCOL (L) =0
DO 45 M=1,16
AKG(L yM)=0.

G(L.M)

=0.

DG 46 N=1,50

DSXY(N)=0.
=O.
=0.
PXY(N)=

DSY(N)
DSX(N)

0.

PY{N)=0.
PX(N} =0,

DO 47 11=1,125
0.

RS(I1)=

Q(11)=0.

DC 47 JJ=1,125
C(I1,J49)=0.

DU 48 KK=1,4
DG 48 LL=1,65
NBND( LLKK)=0
DO 49 MM=1,4
DU 49 NN=1,50

JIT(NN,

MM} =0

DO 50 1II=1,3
DG 50 JJi=1+4
AALJIJ,1T1T)=0.

KBUC=¢C
D2=0.

READ (5599) NJUTS KLUYKLUZ yKLU3yKLU4 4KLUS yNEIG,LOT

READ (5,98) _ANULE,H,NCO,S7

TF(KLU

140,41 ,40

WRITE (6,208)
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x

1

—~

)

7

70

80

GG TO 5

WRITE(6,209)

TCL=1. % 10.%%(-L0OT)

WRITE (6927 )KLUWKLU2 4 KLU3 9 KLUG o KLUS,,LOT
WRITE(6,25) ANULEHNCO,S7
IFIKLU3)4 994

READ (5460) XS5Z9YSZeXN1sYN]L4NMEM
WRITE(G6461) XSZoyYSZyXNLsYNLyNJTS,NMEM
XN2=XN1

YNZ2=YN1

DC 1 I=1,NJTS

X(I)= (UXNLI=XN2)/ {XN1)) %*XSZ
Y(I)=((YNL-YN2)/7{YN1))*YSZ

JT(I})=1

XN2=XN2-1.

IF{XN2)3,1,1

XhZ2=XN1

YNZ=YN2-1.

CUNTINUE

WRITE(6462)

WRITE(6,63) (JTLI) o X(T )oY (I )al=1yNJTS)
NN1=XN1

NNZ2=1

NiN3=XNL+2.

NN4=XN1

D, 64 MEM=]1 ,NMEM

JITI(MEM,1)=NN2

JIT(MEM,2)=NN2+1

JIT(MEM,3)=AN3

JIT(MEM,4)=NN3+1

NN2=NN2+1

NN3=NN3+1

NEM=MEM-NN&

IF(NEM)64,65,65

NN2=NN2+1

NN3=NN3+1]

NN4=NN1+MEM

CONTINUE

GO 10U 70

READ(5,100) (JT{I) o X(T)aY(I)sI=14,NJTS)
WRITE (64200)

WRITE (64201) (JTCI)oX{I) oY1) I=14NJTS)
WRITE (64104)

READI S I0OLIMEMGNTYPE JI (L) o JI(2),J1(3),J1(4)
IF(MEM=-99) 64746

DO 10 I=l,4

JITI(MEM,[)=JI(1)

CUONTINUE

KUOCE=MEM

GO T0 8

CUNTINUE

NMEM=K0ODL

WRITE (6466) ((JIT(KyN) yN=144),K=1,MEM)

IF(KLU4) 81,80,81
KLAD(5,106) APH,BTA,GAMyENyDEN
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T U U W - T e

81

71
82
83

11

14

15

13
12

84

a5

85

18

896

809
811
810

814

16

30

815
817

816

WRITE (69107) APH.BTA,GAM, ENyDEN

GL TO 82

WEITE (6496)

DO 71 MEM=1,NMEM

READ(S5,103) PX{MEM) ,DSX(MEM) yPY (MEM) yDSY (MEM) 4 PXY (MIM) 4 DS XY (MEM)
WRITE (6+997) PX(MEM) USX(MEM) yPY{MIM) 4 DSY (MEM) 4 PXY (MLM) 4 DSXY (MEM)
[F(KLUS) B84,83,84 . ,

IBUC=1

DC 11 I=1,NJTS

DO 11 Jd=1l,4

NEND(I,J)=0

WRITE (6,207)

DG 12 I=1,NJTS

READ(59102) JOINTJD(L1)9dD(2),J0(3),JD(4)

WRITE (6+203) JOINT2JO(1)4dD(2)4dD(3),di0(4)

DO 13 J=1,4

TF(JD(J)) 13,13,14

NRND( JCINT,J)=1BUC

16UC=IBUC+1

IF(IBUC-125) 13,13,15

WRITE (64204)

CALL EXIT

CCNTINUE

CONTINUE

I1BUC=IBUC -1

READ(5,500) STOPIT

IFIKLU2) 95,85,95

WRITC(64923)

WRITE (6924) (NBND{Io1),NRND(I42)sNBND(T53),NBND(Iy%)y T=1,JUINT)
CUNTINUE

WRITE(6,52)

DO 896 LL=1,18UC

DU 896 KK=1,I1BUC

C(KK,LL)=0.

FIRST=0.

DO 16 IM=1,MEM

IM=IM

LIN=4

IF(FIRST) 809,810,809

[F(KLU4) 810,811,810

IF(KLU3-1) 810,814,810

CALL BSTIF
FIRST=1.
CALL STACK
CUNTINUE
KBUC=KBUC +1
IF(KBUC-100) 30,311,311
FIRST=0.

DO 17 IM=1,MEM

IM=IM

LIN=4

IF(FIRST) 815,816,815
IF(KLU4) 816,817,816
TF(KLU3-1) 816,818,816
CALL MSTIF T
FIRST=1.
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o000

818
17
57

32

33
305

306
307

54
308

700
761

501
88

87

400
89
12

16
78

17
14
502

830

CALL STACK
CCNTINUE

DO 57 K=1,18UC

D 67 L=K,IB8UC
CIKyL)=C(L4K)
IF(KLUZ2) 32+33,32

WRITE(6,206) ({C(I4J)yJ=1,IBUC),I=1,IRLC)

FING THE DETERMINANT OF THE C MATRIX

DO 305 LL=1,18BUC
RS(LL)=0.0

Dl=1.

NP=125
M=IMECF(NP,I1BUC,»LsCoRSHDL,Q)
GO TO (3009307+308) M
WRITE(6,+53) KBUC,D1 KFY,KAY,VALUE
D1=VALUE

GG TU 701

WRITE (6454)

FURMAT(9H UVERFLCW)

CALL EXIT

WRITE (6,700C)

GC TO 309

FCRMAT( 14l C IS SINGULAR)
TEST=ABS(L1+D2)—-ABS(DLl-D2)
IF(TEST)501,502,502
WRITE (6,4600)

IFIKLU4) 87488487

F SX=DEN

GU TC 89

FSX=0.

FSY=0.

FSXY=0.

DO 400 I1=1,NMEM
DPX=ABS(DSX(II1))
DPY=ABS(DSY(II))
DPXY=A8S{OSXY(II))
FSX=AMAX]1 (DPX,FSX)
FSY=AMAXL(DPY,FSY)
FSXY=AMAX1(DPXY,FSXY)
TF(FSX) T72473,72
ABVAL =ABS (FSX)

GC TUO 74

ITF(FSY)T5,76,75

ABVAL =ABS5S(FSY)

GL TO 74

TF(FSXY)T 7478417

WRITE (6,105)

CALL EXIT
ABVAL =ABS (FSXY)
IF(ABVAL- TQOL) 309,309, 36
D2=D1

IF(KLU4) 35,830,35
FN=EN+DEN
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35

34

36

94

86

Ny T T S s

37

309

10C1
890

90

1000

G2

- Wy

H
i
i

91

38

1009
67
21
22
23
24
25

26

29

[

GO TO 18
DO 34 IN=1,NMEM
PX{IN)=PX{IN)+DSX(IN)
PY(IN)I=PY{IN)+DSY(IN)
PXY({IN)=PXY{IN)+DSXY{IN)
GO TO 18 ,

IF(KLU4) 86,94,86

EN=EN-DEN
DEN=.5%DEN
GO TO 830
DC 37 10=1,NMEM
PX(IO)=PX(I1C)-DSX(IO)
PY(IO)=PY(I0)-DSY(I10)
PXY(IOU)=PXY(IQ)-DSXY(IQ)
DSX(IC)=e5%DSX(10)
DSY(IC)=.5%DSY(10)
DSXY{I0)=.5%DSXY(1Q)
GG TO 35

WRITE (6429)

IF(KLU) 1000,1001,1000
IF(KLU4) 90,890,90

ENX=APHXEN

ENY=R TA®EN

ENXY=GAM*EN

WRITE {6428) ENXENY ENXY

GO TC 1009

WRITE (6,108)

WRITE (6426) {PX{IT) PY(LII)4PXY(II)II=1,NMFM)
GC TO 1009

D=E¥H*%3/(12.%( L.~ANU*%2))
IF{KLU4)91,92,91

ENX=APH*EN%*D

ENY=B TAXEN*D

ENXY=GAMXEN%D

WRIFE4673

WRITE (65109) ENX,ENY,ENXY

GO TO 1009

DU 38 JJ=1,NMEM
PX{JJ)=PX(JJ)*D
PXY(JJ)=PXY(JJ)*D

PY{JJ)I=PY (JJ)*D

WRITE (6,207)
WRITE(6926){PX{IT)yPY(IL)yPXY(II),T1I=1,NMFM)
IF(STOPIT) 67,311,067

CALL EXIT

FORMAT{1HO,13HTHE JII ARRAY)
FORMAT(11HO JII ARRAY//(615))
FORMAT(1HO, 14HTHE NBND ARRAY)
FURMAT{1HO,1I5,  5X,15, 5X31545X,15)

FORMATIIHO g 4HANU=yE 16« By 3X g 2HE=yE16e 833X 92HH=9E 163y 3X 9 4HNCCU=915,43
1X33HS7=,E£16.8)

FORMAT{1IHO,FE15.845X,E15.8,5X9E1548)

FORMAT(22HO BUCKLING STRESSES ARE)

169

27 FORMAT(1IHOy4HKLU=9 1593 X 5HKLUZ= 9159 3Xy SHKLU3=, 153Xy SHKLUG =915, 3X,
ISHKLUS=491593Xy4HLOT=,12)
28 FORMAT(IHO,5HNX/D=E15.8,5Xy SHNY/D=E 1548 5Xy 6HNXY/D=E15.8)



31 FORMAT(IHO 7Xy 2HNX s 18X 3 2HNY , 18X 9 3HNXY)
52 FORMAT(IHO 95X SHCYCLE 10Xy LIHDETERMINANT 12Xy 3HKEY 3 12Xy 3HKAY y 1 3%,5
1HVALUE}
53 FORMAT(IHOy6X s 13 49X b1 0a8,35X,11035X,110,5X4F16.3).
60 FORMAT(4F6.1,y 12)
61 FURMAT‘lHOv"HXSZng()ol'3X14HYSZ=1F60lojxt‘tHXNI:v"ﬁ.ly3X,I1HYN1-‘-1FO'
11 y3Xy5HNJTS=y13,3X,5HNMEM=,13)
62 FURMATIIHOy IXySHUOINT,9Xy 1HX 99Xy 1HY)
63 FUPMAT(lHOyIS'7XQF702'3XQF7-2,
66 FORMAT(LILHO JI1 ARRAY//(415))
Q6 FURMAT(LIHO 45X 9 2HPX 9 13X ¢ 3HDSX 9 L4X 9 2HPY y 13Xy 3HISY 5 1A X4 3HPXY 5 12X,y 41HDS
1XY)
97 FURMATULIHOYELS a8yl X9EL1SeBaIXyb1DeBalXot 1548y 1Xy L1563y LXyb15a8)
98 FORMAT(3E 14891 T74F9.1)
99 FURMAT(8I3)
100 FCRMAT(I4,2E12.1)
101 FURMAT{I3 ,12,413)
102 FORMATI(SI3)
103 FLURMAT(6F13.8)
104 FURN/\T(ZX QBHMFMQ?XOSHNIYPt‘"fXQZHleZX,)“JZ,ZX74'“\.1*OZXyZHJQ',)‘,ZHPK
Lel0Xy 2HPY 4 10X 3HPXY)
105 FURMAT(IHO,35HTHERE ARE NU DSX DSY OR USXY VALULS)
106 FGRMAT(5F10.2)
107 FURMATH 1H()'4HAPH=.FO.4.3X.4HBT/\='F6.4'_%X.ZtHGAM:,}‘-;.’vy SX,’%HY'-‘.TJ‘»’-’*
ly'5Xv4Ht)EN=9FQ.4’
106 FORMAT(LIHO 96X s 4HNX/Dy1 6X9aINY/1D) 916X 3 SHNXY/ D)
109 FURMAT(IHC y BHNX =3B L 6B 99X 9 IHNY =y E 16 By X y4HNXY=,F16.3)
200 FURMAT(34X45HJUINT 39X,y IAAX 316X,y LHY)
201 FORMAT(33X,1495X92E16.17)
203 FURMAT(BX'I4.4X.I4.7X,14,6)(.[4'6)(,[4)
204 FURMAT( 37HTHE PRUBLEM EXCEEDS AVAILARLE STORAGE )
206 FURMAT(I5HO C AFTER BSTIF//(6E16.8))
207 FURMAT{4X y4ANUNE s6X g IHWy9X 3 3H WXy TX93H WY 2OXy 5H  WXY)
208 FUORMAT(IHL31HTHIS IS AN ELASTIC BUCKLING RUN)
209 FORMAT(IH]1,30HTHIS IS A PLASTIC BUCKLING RUN)
500 FIRMAT(F5.0)
600 FLRMAT(IHO,29HTHFE SIGN OF DET C HAS CHANGED)
END
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12

14

20
23

25

DETERMINANT PROGRAM

SUHRGUTINE RBSTIF

C GMMON
CUMMON
CCMMUN
C OMMON

JI g JT e Xy Yo JITJNBNDZWLOCOLyGCyAA

AD yBDyAKG L INyE ity PS,IM;NJTS'A'\JU

KLUy SX DS X 5XMAX 3 SY 3 DSY s SYMAXySXY 4KLUG
DSXY o SXYMAX g RS a0 o NCO9sST9JDWPXyPY, PXY

CUMMON APH,.BTA,GAM,EN

DIMENSION JIL4) o JT(65)9X(65)9Y(65),d11(50,4)
DIMENSION NBND{6544),AD(3),80(3),JdD(4),LCCOL10)
DIMENSION G(1l6416) +C(125,125)4AA1443),AKG{L6E,106)
DIMENSICN RS(125)+Q(125)+4PX(50)+PY(50),PXY{(50)
ODIMENSION DSX(501),DSY(50),DSXY(50)

060G 20 K = 1,LIN

DO 12 1T = 1,NJTS
TFWJT (1) =JTT( IMyK)) 12,414,122
CONTINUE

WRITE (6416)

CALL EXIT

FORMAT (18H NU VALUE IN TABLE)
AA(K, 1) X{1)

AA(K, 2) Y1)

CCNTINUE
v 25 1
Ap(T)
BC(l)
AL1Z
AL13
A=ALL12
B=AL13
AB=A%B
AOH=A/B
AGd2=A0B%%?
AUB3=1./A08B2
BCA=B /A
BOA2=BOA%%2
281=156./35.
R2=36./25.
B3=78./35.
BR4=3,/25.
B5=22./35.
B6=54.,/35.
B7=13./35.
BB=27./35.
B9=52./735.
Bl0=4./25.
Bll=11./35.
B12=2¢./35.
B13=13./70.
B14=18./35.
B15=9./35,
Blé=4./35.
B17=3,735.
B18=3.,/70.
B19=22./105.
B20=2./35.
B21=11./105.

1,2
AAL2,1} - AAC(L,1)
AA({3,1) - AA(1,1)
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26

21

30

3l

33

822=13./105.
B23=12./210.
B2a=4./105.
B2S=4./225.
B26=2./105,
B2T=1./225.
£E22=2./70.
B29=1./70.

SUCPL A=2.+120.%ANU

SXLPLA=2.+10
ENDPLA=2.+20
[F(KLUY2T,26
C1=RCA2
C2=0C.

(3=1.

Ca=0.
C5=A00B2
DS=1./(A%B)
GC 10O 28

« ¥*ANU
«¥ANU
227

D= (E*H%x%3)/(12.%(1e-ANU**2))

[F(KLU4) 31,
SX={APH*EN) *
SY={(b TA*EN) *

SXY=(CAMXEN)*(D/H)

GL TO 33

30,31
(D/H)
(D/H)

Sx=PX (IM)*D/H
SY=PY(IM)*D/H

SxY=PXY(IM)*
BN=NCO

D/H

S1G=( SXER2+SYRE2-SXESY +3  #SXY#%2)

FFS=SOKT(SIG

)

ET=1o/(1e#(3./77.35BN®(FFS/STI¥X(NCO-1))
FS=le/€1at(3./7)%(EFS/ST)®=(NCO-1))

DS=ES/(A%B)
DLU=1.-ET/ES

Cl1=FCA2%( le—a TORCOUNRISX/LES)X%2)
Cc=3.%D0D* (SX*SXY/(EFS*x2) ) *RBOA

C321a-a 5% {SX¥SY+2,%SXY®%2) /(EFS**2))%DCD
C4=3, %¥00U%((SY®RSXY)/EFS*%2)*A0D

C5= NACB2%¥(1e—e ISXDUDK(SYX*2/EFS%%2))

SUDPL A= (624~ (3o ¥5XY#%¥ 2491 .5%SX%SY) /STG)*D U /E3

SAUPLA= (To=( (3 kSXY*%H2 49 % SXkSY)/SIGI*NCDI/C3

ENDPLAZ(1Z2e—( (3 %SXYX%2+1645«SX¥SY)/S1:5)*D0OL) /03

DO 200 I=1,1
DC 200 J=141
GlilyJ)=0.0

G(le, 1) =(-B1
GU15s 1) =( BT

6
6

3% Cl
* C1

Glla,1)=(+38 % C1

G(13.1)=(-B6
G(l2, 1)=(-b1
G(lly1)={-B7
G(1C, 1) =(+68
C(9y1)=( Be

G(r7s1)=(-85

* Cl
3% C1

* Cl

* C1
* (1

* Cl

+

|+ + 4+

LO0l% €3 % 2, - BL3I¥ (€5 )
B4 %* (3 % 2. + 8B = C5 )
B4 ®* C3 % 2, + BT % (5 )
B2 * C3 % 2, — BH ¥ C5 )
((SXDPLA/100.) * C3) + Hl1l=*
B4 = C3 % 2, + B3 % (5 )

B4 % SXDPLA * C3 - B5 * (5 )

B2 % C3 % 2. - Bl * C5 )
Gl By1)=( Bl1%* Cl + ((SXDPLA/LOO.) * C3) - BL3%x C5
B4 * SXDPLA % C3 +By * C5 )
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G(6+s1)=(#B3 * C1 + B4 * C3 * 2, - 87 * C5 )
G(5+1)=(-Bl * C1l - 82 * C3 * 2, + B6 * C5 )

G( 4,1)=( Bl1* C1 + ((ENDPLA/100.) * C3)

'+ B11%* C5)

_G(3,1)=( B5 * C1 + B4 * SXDPLA * (C3 ¢B3 * C5 )

G(2y1)=(+B3 * C1 + B4 * SXDPLA * C3 +85 * C5 )
Gllyl)=( Bl * Cl + B2 * C3 = 2,

+ Bl * CS )

G(l6,2)=(-B23%C1 -
G(15,2)=( B13* Cl - ((C3/100.) * 2.) + B13* C5 )

((C3/300.) * 2.}

Gl1442)=( B15% C1 +((C3/25.
6(13,2)=(-8B8 * C1 + B4 * C3 * 2., -B7 * C5 )

+ B17*

) 2.)

- Bl8% (C5 )

c5 )

G(12,2)=(-B22% C1 + ((C3/75.

) * 2.,) + B20%C5 )

G(l1,2)=(~-B13* C1 + ((SXDPLA/100.) * C3) + BL1* C5 )

G(10,2)=( Bl4* Cl - B1O* C3 * 2, -BI16% C5 )
G(942 )=(+B8 * C1 - B4 * SXDPLA * C3 - B5 * C5 )
Gl 852)=( B21* C1 - ((SXDPLA/300.) * C3) -818% C5 )

G( 642)=( B12% C1 -

G(5+2

-Gl 742)=(-Bl1* C1 - ((SXDPLA/100.) * C3) + Bl3* C5 )

(C3/725. )

* 2.) - B17* C5 )

})=(-B3 * C1 - B4 * C3 * 2, + B7 * C5 )

Gl 4,2)=(

B19* C1 + ((SXDPLA/75.

) ¥ C3) + B20* C5 )

—— .Gt 3,2)=( Bl1l* C1 + ({SODPLA/100.) * C3) + Bll* cs )
" G(242 J=( B9 * C1 + BIO* C3 # 2. + Bl6* C5 )
G(l1643)=( -B18*%* C1 - ((C3/300.) * 2.) - B23% C5 )
G(15,3)=( B17* C1 + ((C3/25. ) * 2.) + Bi5* C5)
G{(l4,3)=( B13% C1 - ((C3/100.)% 2.) + B13% C5 ) i
G{(13,3)1=(-B7 * C1 + B4 * (3 * 2, -BB * C5 ) R
_.6(12,3)=(-B18% C1 - ((SXDPLA/300.) * C3) + B21% C5 )
: G(1143)=(-B17* C1 - ((C3/25. ) * 2.) + B12*C5 )
G{1043)=( B13* C1 - ({SXDPLA/100.) * C3) - Bll*x C5 )
G(9,3 )=( B? * C1 — B4 * C3 * 2, -B3 * C5 )
G( 8,3)=( B20% C1 + ((C3/75. ) * 2.) - B22%CS )
G(7+3 )=(-B1l6* Cl - B10* C3 * 2., +Bl4* C5 )
Gl 653)=( Bl1* C1 + ((SXDPLA/100.) * C3) - Bl3=* C5)
G(543 )=(-B5 * C1 - B4 * SXDPLA * C3 + B8 * C5 ] o
_ Gt 4,3)=( B20% C1 + ((SXDPLA/75. ) * C3 ) + B19* C5 )
" G(3,3 )=( BL6% C1 + BLO* C3 * 2. +89 * C5 )
Gl{l644)=(-B29*% C1 + ((C3/900.) * 2.) - B29* CS )
G{15,4)=( B18* C1 + ((C3/300.) * 2.) + B23% C5 )
G{l4y4)=( B23% Cl + ((C3/300.) * 2.) + B18% C5 )
G(13,4)=(-B13#%* CL + ((C3/100.) * 2. j- BI3* C5 )
- . 6(12,4)=(-B28% C1 - B27* C3 * 2. + B26 * cs )y
G(1ll,4)=(-B18* C1l - ((SXDPLA/300.) * C3 ) + B2i* €5 )
G(1044)=( B22* Cl - ((C3/75. ) * 2. ) - B20% C5 )

Gl 944)= ( Bl13 * C1 - ((SXDPLA/IOO.) ¥ (3 ) - Bll* C5 )

Gl 7,4)= ( B20* C1 - ((C3/75.

} * 2,

)} + B22*% C5 )
G{ 644)=( B21* C1 ~ ((SXDPLA/300.) * C3 ) - B18 *C5)

G{ S+4)=(-Bl1*C1 -
Gl4s4 )=( B24% C]1 + B25% C3 * 2,

{{(SXDPLA/100.) * C3 )

+ B13%(C5 )

+ B24 * (5 )

G{5+5)=G(1,1)
G(6+5)=-G(2,1)

G{7+5)= G(3,1)
G{By51=-G(4,41)

G‘6v6)"G(292)
G(7+6)=-6(3,2)

G(8e6)= G(4,2)
G(7+7)= G(3,3)




G(8,7)1=-Gl443)
G(8,8)= Gl4y4)
G(949)= G(1,1)
G(10,9)1=6(2,1)
G(11,9)=-G(3,1)
G(12,9)==Gl4,1)

G(10,10)= G(2,2)
G{11,10)=-G(3,2)
G(12,10)=-G(4,2)
. G(ll,y1ll)= GI(3,3) . o

G(12411)= G{4,3)
G(l12,12)= Glay4)

Gl13,13)=G(1l,y1)
Gl14413)=-G(2,1)
G(15413)=-G(3,1)
G(l6y13)= Gl4yl)
5(14'14)= G(Z'Z)
G(15, 14)= G(3,2)

G{l6y14)=-G(4,2)
__G(15415)= G(3,3) =
G(16,15)=-G(4,3)
Gl16+16)= Gl4s4)
G(9+5)= G(13,1)
G(10+5)=G(13,2)

G{(11,5)=-G(13,3)
G{12,5)=-G{13,4)
5(916,35(1411)

G(10,6)= G(14,2)
0(1106)=‘G(14v3)
G(12,6)=-G(1l444)

f G(Ss7)=-G(1541)
G100, 7)=-G(15,2)
G(ll,7)= G(15,43)
G(12,7)=6G(15¢4)
G(948)==G(1641)

| G(10,8)=-G(1642)

l G(l1,8)=+G(16+3)
e G(12,8)= G(1644)
G(13+5)= G(9,1)
- G(1495)=-G(9,2)
G(1545)==-G(9+3)
G(l645)= G(9,4)

G(13,6)=-G(10,1)
G(l4,6)= G(10,2)
G{15,6)= G(10,3)
G(16,6)=-G(10y4)
G(13,7)=-G(11,1)
Glle,7)= G(11,2)

GU15,7)=+G(11,3)
Gll6sT)==G(11l,4)
‘ 6G(13,8)= G{12,1)
—— . §(14'83=“G(lgg2)
G(15+,8)=-G(12,3)
G(16,8)= G(12,4)

| G(13,9)= G(5,1)
o .. 6(14,9)= Glo,1)
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G(15,9)=-G(7,1)
Gll649)=-G(8,1)

| ) "'6(13,10)- G(S.Z)'“”"”"‘
' . G{l4,10)= G(642)

G154 10)==G{7,2)
| G16,10)=-G{8,2)

G(13:11)=-G{(5,3)
6(14,11)=-G1643)
GiiS5y1lli= GET,.3)
Gll641l)= G(8,3})
GU13,12)=-GI(5,4)

Gll4y 12)=-Gi6y4)

615,125 Gl1s4)

DO 210 J=1,16

DU 210 I=Jdyl6
210 GlJdy1 =514}
245 DO 250 1=1,16

DU 250 J=1,16
250 AKGLI,J=G(i,.J)*DS
TF(XLU) 25742565257
257 DO 350 I=1,i6
DO 350G Jv 1416
350 Gil,J)=0.

' GlLl6s12)= 5iB8e4)

G(2:2)=-L2%,25
G(3,2)1==.1%(C2+C4)

G593 )=~,5%C4

G{5y5% j=~, i#{C72+{4)

GL6-3)=6(44511
Glov43=.03%024{1./60.) *C4 o o — -

G646 1=-G1{2,21)
G741 )==G1(5,3)

N G(3,3)=—,25%C4 -
L Gl4y1)= L1%(C2+C4) ‘ , - B

G(T7:2)=064ay1}
G(T7,61=G{3,2})

B GUT+y73=-G{3,3}

l GU(8y1)=G15,4)
G(8y42 )“-(:((3:"*3

' o G!By’)) {:17;:?7

I GGy 2 j=-.5%C2

G{Ge)= L(5,4)

‘ G(9,c i =-C15,37
| G Y7 )= G{543)

'; G(S,83=Gla, 1)

S G(l0s11=-G{9,2) e - _
' G(10,3)=G14,1)

; G{l0s5)= G(9,2)

l G(10,6)1= -Giz2,21}

6(10,7)= Gi3,2)

Gl10,8)= Gi6,4)

5(11'2)=G(401)ﬁ
G(lly4)=(1./60.)%C2+.05%C4

|

I

* G(10,10)= -G(2,2)
{

i

G{(1l1,5)= -G(5,3)
G(ll,6)= G(3,2)




G(1l, 71)= -G(3,3)

G(11,8)= -G{11,44)
G(11510)= G(3,2)
~Gl11411)=-G{3,3)
G(12,1)= G(5,4)

G(1293)=-G(11,4)

G(12+51=G(4,1)

G(12,6)=-G(6s4)

G(12,7)= G(1lle4)

G(1248)=—11./120.)%(C2+C4)

G(12¢91=G{4,41)
Gl13,42)=—G(9,2)

G(1343)=-G{(5,3)

G(13,4)=Gl4s1)

G(13,6)= G(9,2)
G(13,8)= G(5,4)
G(13,11)= G(543)
G(13,12)= G(5,4)

G(l4,1)= G(942)

G(14,3)= G(3,2)
Gll4,4)=-G(644)

G(l4,5)=-G{942)

G144+ 7)=6G14,1)

Gll4,2)= G(2,2)

G({l4ay11)=Gl4s1)

G(l4y12)= G(6,y4)

Gll4y1l4)= G(292)

G(15,1)= G(5+3)

G(15,2)= G(3,2)
G(15,3)= G(3,3)

G(1544)=-G(l1l,4)
5(15v6)=6(4v1)

G(15,8)= Gllle4)

G(1599)=-G(5+3)
G(15,10)=G(4,41)
G(15,14)= G(3,2)

G(15+15)= G(3,3)
Gll641)=Gl4,1)

G(1642)= Glbs4)
G(1693)=G{lly4)

G(l644)=-G(12,8)
G(l6,5)= G(5,4)

G(l6sT)=—=G(1ll+4)
G{1649)= G(5,4)
G(l6y10)=-G(644)

G(l6y13)= Gl4,y1)

DO 360 I=1,416
DO 360 J=1,416

G(IyJ)=GlJsI)
DO 320 I=1,16
DO 320 J=1,16

AKG(I 9yJ)=AKG(14J)+DSEG{I,J)

CCNTI NUE
RETURN

END
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DETERMINANT PROGRAM |

SUPRULTINE MSTIF

COMMUN J1 9 JT e XsYoJIINUNDyLOCOL,+GyCyAA
CUMMUN ADSBLCoAKGo L INSJE ¢HeESsIMyNJTS o ANU

COMMUN KLUy SX9DSX9SXMAX,SY,DSY,SYMAX,SXY 4KLUA
CEVMU“ DSXYJSXYMAX,RS:UrNCU.S7,JD,PX,PY, pXY

CUMMUN APHy,BTA,GAM, EN .
DIMENSION JT(4) o JT(65) 1 X{65),Y(65),JI1(50,4)

DIMENSION NBND(65+4)2AD(3),8D(3)9JD(4),L0COL(16)
DIMENSIUN G(l6,16),C(125,125),AA(493),AKG(16416)

UIMONSION RS(125)9Q(125)4PX(50)4PY(50)4PXY(50)
DIMFNSILN DSX(50),0SY(53),0SXY{50)

C TALLE LOOKUP FOLLOWS
i DO 20 K= 1,LIN
| DG 12 I = 1NJTS
IF(JTAI)=JIIC IMeK)) 12914412
12 CONTIAUE
l WRITE (£416)
CALL EXIT
16 FORMAT (18H NU VALUE IN TABLE)
' 14 AA(K, 1) = X(1)
AA(K,2) = Y(I)
| T 20 CONTINUE
23 D0 (5 [ = 1,2
AC(I) = AA(2+1) = AA(LS D)
25 BC(]) = AA(3,1) - AA(l,1)
AL1Z = (AD(1)*%2+4A0(2) ¥£24AD(3) #%2)%%.5
AL1Z = (BD(L)#%2+BD(2)*%2+BD( 3) ¥%2)%%,5
A=ALL
L=AL]3
AB=A%XH
AQE=A /B

ACB2=A0B%*%2
ACB3=1./ACB2

BCA=B/A
BLAZ=HBCA*®%*2

DO 26C 1I=1y16
DO 26C J=1,10

GtI,J)=0.0
Dl=1672,

D2=156.
D3=20¢8.

D4=264.
D5=22 .

D6=46 .
D7=88./3.

D8=4,
qulbg/ao

D10=52,
Dl1=22./3.

Dl2=4./73.
D13=648.

Dl4a=54,
D15=13,

Dle=72.
D17=52./3.




D18=36.
D1G=3,

D20=1¢%.
Ull=12e/3,

D22=1.
JE(KLLS) 4l.4

Os41]

<

SX=APH*LBUA*EN
SY=81A%aUB*EN

41

GU T0 285
SX=PX{(IM)¥BCA

285

SY=PY (IM)*ACB
Gils1 Y=9X *

D1

SY D1

Ll2sy1 )=SX
L L2 )=8X

D2
D3

SY
SY

D4
D6

G(3y1 )=5x
G242 )=SX

# 3t |3 %

iy
D5

SY
SY

D2
D5

G343 )=5x
Gl4yl )=5X

3¢ 3t

D6
D5

+ 4+ ]+ o+

D3
v5

Sy

SY

Glay,2 )=Sx *

D7 +

3t [ 3¢ (4t 3% (4¢3 |36

SY N8

Gl4a,3)=45x%08+ SY*D7

Glar4
G(5,1

)=5SX % D9 +
)=5X*(-D1 )+

SY
SY

DS
D13

G(5,2
O(%5,3

)=SX¥(-D2)+
) =5X*x{-D4)+

Sy
SY

D2
D14

GISe4
Gloyl

=5X*(-D5) +
)=SX ¥ D2 +

Sy
SY

4|3 4t 3¢ 3¢

D15
#*(=D2)

Gloe 42
Glou 13

)=3X%(-D10) +SY
)=5X * DB + SY

*(-D18)
#*(-015)

Gle 24
c(7

3
—

)=SX®{(=D11)+SY
}=3Xx¥(—-0D4)+ SY

%(-0D19)
% D)4

_ Gin

G(7
o7
G(7

- @ - e

G (2,
ey

)=ESx* (Do) +

)=SX*F(-US)+ SY
SY

* D15
* 016

)=SX¥(-D8)+ SY
)=SX ¥ DY + SY
1=5X¥{(=-D11)+ S
J=SX * DY + SY

* D17

*{-D15)
Y*(-D19)

*(-D17)

Ged
GIL9

LAy

G

}uNr—i\L&f\.v—-J\b.'\,‘

*» e W @ e

Gy 44
GLiCs 1

2 )=5X

J=5x%x{(~D12)+SY
1=5X % PDl3+ SY

®{(~-V8)
*(-D1) _

)=5X Dlat+ SY
D2+ SY

*(-D&)
x{-D2)

D15+ SY
D14+ SY

)=5X
1=0X

¥{(-D5)
*(-D4)

GLLU, 2

GL1Vy 3 _)=5X

G100y 4

LG lls 1l J=5X*(=-D2)+

G(llye2
Clily3

Dlo+ SY
D15+

}=5X

e I |3 3t |3 3¢

Y

“(-D6)
*{=D5)

}=8X * D17+ SY

SY

*(-D8)
* D2

}=S5X%(-D151) +SY
1= 5X¥(-D13)+SY

* D5
*{-D10)

Glllya
G(12.1
G175, 2
G(lea2
GllZ2va
G(losel

)= X% (=D19) +SY

*(=D11)

)=SX*(=D15)+SY * DS

)=SX%(=0D17)+SY
1=SA¥(—-D19) +5Y

* D8
*(-D11)

J=5X¥(-0H)+ SY
J=5x®(-D13)+SY

#*(-L12)
*{- D13)

Gll3,2
ClLl3,y 2

}=5X*(-D14)+SY
)=Sx¥(-D2 )+ SY

x(-D2)
*(-D14)
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GU13,y4)==SX*D15-5Y*D15

_ G(l4,1 )=SX * Di4 + SY

* D2

G(l4y2 )=SX*(=D20)+ SY
Gll4y3 )=SX % DI5 + SY

* D18
*¥* D15

Gllbya)=—SX%D21-SY*D19

G(]5,1 )=SX * D2

SY

* Dl4a

Gilv92 )=SX * D15 +
G(l543 )=SX %* D18 +

SY
SY

* D15

*(-D20)

GIlHy4 )=SX * D16 +
G(loel )=8X*(-D13)+

SY
SY

®(-D21)
£(-D15)

G(lhy2 )=5SX % D21 +
Gllog3 )=SX*(-D1G)+

Sy
SY

*(-D19)
*D21

Gllhy4 )=5X % D22 +

GL515)=G(1'1)

SY

* D22

G(E95)==Glecrl)
GLJQé)z Gl3,1)

GLELH)I==G(4,41)
Gl6,61=06(242)

G(Ty6)==G(3,42)
GlByb)= Gl442)

GUT47)= G(3,3)
G(A7)==Gl4,3)

G(848)= Gl4a,4)
G(949)= G(1ly1)

G(10y9)=G(2+1)
6(11,9)=-G(3,1)

G(1249)==G(4,1)
0(10,100)= G(242)

G{11,410)==-G(3,2)
G(12910)=—G(4'2)

G{lls1lli= G(3,y3)
G(12,11)= Gl4,3)

G(12y12)= Gl444)
G(13,13)1=G(1,1)

Gl(1l4,13)=-G(241)
G(15913)=-G(3,1)

Glloy13)= Gl4,1)
Gllayla)= Glz,2)

G159 14)= G(3,2)
G{l6,14)=-G(4,2)

G(loy19)= G(343)
G{1l6, 15)=—G4,3)

GllEy16)= Glay4)
G{9+5)= GIU(13,1)

G(1l045)=G(13,42)
G(11,5)=-G(13,3)

G(12y5)==G(13,4)
G(9,6)=6(14,y1)

G(1046)= G(1l442)
Gllly,0)=-G{1l4,3)

G(12+6)=-Gl1l4y4)
GLGsT)=—6GI(1541)

G(lUy7)==G(1H9,2)
Glll,7)= G(1543)

Gtl2y7)=G(15y4)
G(GyBI==G1(16,41)

179



G(l0+8)==G(1642)
G({11,8)=+G(16,3)

GllZ2+8)= G(1l644)
Gf{lss5)= G(9,1)

GL14951==6(9,2)
G(1545)==0G{9,3)

G{leey D)= G(9,y4)
G(13,0)=-06(10,1)

Gll4as6)= G(10,2)
G(1546)= G(10,3)

G(loy6)==G(10s4)
G(13,7)==G(11,1)

G(LlayT7)= G(11,2)
G(1547)=+G(11+3)

G(loe7)==G(11y4)
G(l3.8)= G(12+1)

Cll448)==Gl1242)
G154 80=—G(12,3)

Glosy8)= Gl1l2v4)
0ll139G)= G(5,1)

LGIL44S)= G(6,41)
0(15),9_)_,::‘(}(711)

G(l64S)==G(8y1)
G{13,10)= G(5,2)

Gllay1ld)= G(642)
(711'_)1_1\))=°b(712’

GLloe 12)=—-G{(B,2)
G(l3s11)==0G(543)

Gll4,11)=-Gl0y43)
G lveli)= 5(713)

Glloy11)= G(8y3)

o L3, 12)=2-G(5, %)

SRS CX  S- PN P b

Gllayl2)==Gl64y4)
G(744)
Gllee12)= Gluya)
DO 27¢ l1=1lslo

270

DL 27C J=1ls106
Gllad)=CGldy])

DJ 310 I=1,16
L0 312 4=1,16

310

AKGUT »Jd)= GlI,J)/4200.
lf(KLL"'Y) 1121‘&-3142

43
—
44

6L TU

SXY=GCAM¥EN
44

SXY=PXY(IM)
CUNTINUE

30

THEESXY)30,45]1,4050
RO 33C [=1.16

____.13_0_h1 Ted)=Ca0

DC 330 J=1,16

G(1v1)= 05
G‘}.’_&l= -02

Glay1l)=-.02
G{5.3)= .1

G(by4)= .02
GIL54H)==-05




Gl643)=-,02
(7 L014)=‘( 1-/3000’

G(Ty1)==-.1
G(1e2)==.02

G(T46)= .02
Gl8.12)= .02

G(8Ry2)1==G(6,4)
G(Ey5)1==-.02

G(9,2)=.1
G(994)=.02

(;(\1’5,': -5

Cl936)=-,1 -
Gl9,7)= .1
G(S5,81=—.02
G{G499)=-45

G(1Cy1)==a1

G(10,3)=-.02
6(1015J= 01

G(lCy6)==(1./60.)
G(10y 7)= 02

G(luyB)= Glb614)
G(11,y,2)=—,02

G(ll,4)= G{(6,4)
G(lle5)= —ol

G(ll.6)= .02
G(11,71=G{10,y6)

G(11+8)==G{6+4)
Gill,10)= .02

G(12,1)= .02
G(12,3)1=—Gl6y4)

G(1245)=—-.02
6(12,6)=-G(644)

G(12,7)= Gl6y4)
G(12,8)= 1./1500.

G(l2+9)=-.02
G(l3,1)==45

G(13y2)=-.1
G(13,3)=-,.1

G(13,4)=-,02
G(13461=.1

G(13,8)= .02
G(13,11)= .1

G(13,12)= .C2
G(i3,13)= .5

G{la,1l)= .1
G(layy2)=—C(10,06)

G(l4,3)= .02
Gllay,4)=-GCloy4)

G(l4y5)=-.1
Gllay1)=—.02

G(l4,y11)=-,02
G(l4,12)= G(6,4)

&5,

Glil5,1)= .1
G(lo,2)= .02

G(1%,3)==G{10,46)
G{15,4)==G(644)
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G(15,6)=-.02
G159, 8)= GlOy4)

G(15,6G)=-.1
Gl1o,10)=—-,02

G(l5y14)= .02
G{lee1)=—,02

Glley2)= G{Oy4)
G{l6s3)= (G(644)

G(l6y4)=—-G112,8)
Glloybl= 02

GILEy TV ==Cloe4)
G(l6,9)= ,Q2

Gllne 10)1=-Gl6y4)
Gllos 13)=-,02

DG 36C 1=1,16
DO 3w J=]416

360 G(I,d)=6(dy])
DG 32Q 1=1,16

bu 32C J=1416
320 AKOGUL 3J )= AKG( T4 J)+SXY%=GI(I,J)

31 RETURN
END
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DETERMINANT PROGRAM

SUBRLUTINE STACK
CUMMCN JI1yJdT yXvaJlIvNI‘BNU,L'JCUL 'G'C'AA

CaMMiN ADy UL‘,A'(G;LI‘\'E e ES, IM,NJTS,ANU
CUumMCiN KLU,SX'CSXySXMAX’SvaSYvSYMAX,SXY'KLU4

CUMMCN DSXYQSXYMAK 1R51 C. NCU: S7'JD’PX'PY’ P XY’
COUMMCN APH,BTA,GAMyEN

CIMENSION Jl(4’7JT(65,'*(65”Y(65)1JI[(50!4)»
CIMENS IGN NBND(65'4)9AC(33,BD(3)vJD(4)yLUCUL(lé)

CIMENSION G(16,16)vC(125,12531AA(4v3),AKG(16916)
CIMENSION RS(lZB)yC(lZS)9PX(50).PY(50)vPXY(SO)

CIMENSIGN LBSX{501,0SY(50),0SXY (50)
CO 1€ 1=1,16 '

18

LUCGL( ) =0
CUNT INUE

CO 16 IA=1,LIN
10=J11( IM,IA)

LO 2C 1B=1,4
IC=4*(1A-1)+]8B

2¢

LULOLIC)=NBND(IL, I8)
CUNT INUE

15

CUNT INUE
LU 21 [=1,16

EU 21 J=1,16
IF(LCCCL(J)) 21,421,422

22
23

IFILGCLL(I)) 21,21423
KRCw=MAXC{LUCOL L) ,LUCGLIY))

KCCL=MINOCLUCOLTT) yLUCCLLID)
C(KRCN,KCUL)=C(KKGW'KCCL)+AKG(I,J)

21

CUNT INUE
RETURN

NV
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FUNLTIUN [MEUF(NIJ MyiN ,A ’quL)y SLALE)
C THIS FGRTRAN 4 PRUGRAM SULVES AX = Y BY TRIANGULAR DECCMPDSITIUN.

DIMENSIUN A{MIC,1),Y{MID,1)ySCALE(L)
CJUUBLE PRECISICN SuLM

CATA TuL /5.5€04€45E-8/
CATA-EXCELSSsLARGE /1.713%4177?6/

EJUIVALENCE (X,Lx),(Kx.cxctSS),(LARbE,dIb),(hAY,LHE)
INTEGER SPILL

COMMLN /CUUDLE/ KEYKAYy D /JUVELOW/ SPILL
C SET OVERFLUW INDICATCX.

CALL TAMPER
KAY = 0

L = 1.
C SCALE Su EACH RUW ANC CLL PAVE LARGEST ENTRY BETWEEN 5 AND 1. IN MAG

CU 12) 1 = 14M
x = c.

Cu 1CY J = 1M
10C X = AJAXI(X,ABS(A(L,J) 1))

C PUWER(X) IS ThEt PUwEr UF 2 WEXT LARGER THAN X.
X = PUwER{X)

Kay = KAY + (IX-KX)/LAKOE
X = 1./ X

DU 110 J = 1y
110 All,J) = AlI,J) * X

CU 123 J = 1lyN
12C Y({I,d) = Y(I,J)

4%
>

£Jd 140 J = 1,M
X cl

CU 120 1 = 14M

130 X = PAAXL{X,A3S5(ACT,4)0))
X = PUWER(X)
KAY = KAY + (IX~KX)/LARLE B
X = le/ X

SCALL(J) = X

CU L4 I = 1M
14C A(1l,Jd) = AlL,J) * X

C MAJUR LUUP. TRIANGULZ2R 0eClWPUSLTION wiThH uvePe ACCUM UF INNER PRODULT
LJd 31Y K = 14M

Kl = K- -1

X = (o

Lt = K

Cd 1&)» I = KoM

SUM = allyK)

IF (K1) 15C,1558,4102
15¢C Cu 1€ J = 1,K1

lou SumM = SUM + ALT,J1*A(J,HK)

ACTyK) = SUM

165 IF (X = AUWS(SUM)) 17Cy18Cy189
17¢ X = A3S(SUM) ’
= 1

180 CbNFIVUL o
C RUw INTERCHANGES TU [J4SURE LARGLE PIVOTS

IF (L = K) 190,220,160
19C C = = O

Co 20 J=1,i

184




X = AlL,yJ)

A(L,J) = ALK,J)
208 A(K,J) = X

CO 219 J = 14N

X = Y(LJJ)

Y(Lyd) =" Y{(Kyd)
2138 Y{K,J) = X

22C X = =A(K,yK)
IF (.= K) 230,275,230

23C KU = K + 1

CO 24 1 = KUyM
240 A(LyK) = A(I,K) / X

IF (Kl) 250,230C,253
25C CU 27) L = KOs

SUM = A(Ky[.’

Cu 260 4 = 1,K1
260 SUM = SUM + AlKsJI¥A(JsL)
27C A(KkylL) = SuM
275 CJ 2% L = 14N

SUM = YiK,L)

Co 2¢) J = 1,Kl

287 SUM = SUM + AlK.J)®Y{J,L)
29C Y(kyL) = SumM

UNCULY sw¥ALL PIVUT INSICATES A IS SINGULAR
300 Ik (A3S(X) oGt Tubd) GC TU 319

IMEQF = 3

Cu = Ja

C = C.
Gd _TC 590

315 CUNTINUE
BACK SCLUTIUN

I = » -
CJ 345 K=1,M
1 =1+ 1

LU 340 L=1,N

SuM = Y(I,L)}
Ik (11 = M) 320,225,340

32C CO 323) J = I1,¥
338 SUM = SuUM = ALT,.J)*Y(J,L)

347 YUI,L) = SUM / Atlga)
345 1 = 1-1

Cu 353 I = 1,M
X = lof SCALE(])
Cu 353 J = 1,N
358 Y(IyJ) = Y(I,J) % x
IMEQF = 1

IF (SPILL oLEse 1) Gu TC 370
360 IMEQF = 2 '
37¢ SPILL = ¢

38C CULNTINUE
Cu 415 1 = 1,M

39C T = [*xA(1y1) ’
IF (SPILL) 4€T,413,4CC

40C SPILL = G,
FOWERI(D)

X
o] L /7 X
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KAY = KAY + (IX-KX)/LAKGE

€y TC 369
c =1

41C

CD = 2.%%KAY ¥ [ * QU
KEY = SPILL

5030

CALL TAMPER
RETURN

ENE

186




